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The Meetings for Seientific Business are held in the Meeting 
Hoorn at the Society’s Office fortnightly on Tuesday s, except in 
Jul 3 % August, Sc^ptemher, and December and January, at luilf-jaist 
Five o’clock p.m. 

The Anniversary Meeting is held on the 29th of April, or the 
nearest convenient day, at Four p.m. 

The Society’s Gardens are oj»en daily fioiu Nine o’clock mdil 
Sunset, or 8 p.m. when sunset is later. Dr. G. M. Yevers ia the 
Superintendent, Mr. D. Seth-Sroitl), Curator of Mammals and 
Birds; Mr. Edward G. Boulenger is Director of the A()uariuin ; 
Miss Joan B. Procter, F.L.S., is Curator of Reptiles ; Mr. I^. C. 
Bushhy, F.F.S., is Curator of Insects ; Mr. S. Zuckerman, 
M.A., is Anatomist; Dr. H. H. Scott, M.D., F.R.C.P., D.P.IL, 
Pathologist ; Prof. li. T. Leiper, F.Il.S., with the assistaijce 
of a panel of experts, examines and re]>orts on the Parasites ; 
Prof. G. H. Wooldridge, F.R.C.Y.8., is Honorary Consulting 
Veterinary Surgeon ; and Dr. R. W. A. Salmond, O.B.E., Honorary 
Radiologist to the Society. Applications for anatomical or patho- 
logical material, or for facilities for work in the Prosectorium 
should be addressed to the Secretary. 

TERMS FOR THE ADMISSION OF FELLOWS. 

Fkllows pay an Admission Fee of £ o , and an Annual Contri* 
bution of .£3, due on the 1st of January, and payable in advance, 
or a Oompoflition of ^45 in lien thereof; the whole payment, 
including the Admission Fee, being £50. 

No person can be deemed a Fnnnow until the Admiesion Fee 
and first Annual Subscription of £3 hare been paid, or the 
annual payments have been compounded for. 

The usual Admission Fee of £5 is waived upon the election of 
the Wife or Husbakd of an existing FBtxow, 

The First Annual Subscription of Fellows elected in November 
and December covers the following year. 



3 


PRIVILEGES OF FELLOWS. 

Fkllows have Personal Admissiou to the Gardens upon signing 
thoir names in the book at the entrance gate^ and may introduce 
Two Companions daily. 

The Wife or Hussanu ot* a PncLow can exercise these privileges 
in the absence of the Fellow, but this privilege cannot be extended 
to children of Follows. 

Until further notice, Fellows will receive 40 undated Green 
Cards, available on any Sunday or week-day up to the end of 
B'chruaTy of the \ ear following the year ot' issue, and 20 White 
Cards available on any week-day up to the same date. Special 
children’s tickets are no longer issued, but the Green and White 
Cards are perforated, and each half is valid for a Child under twelve 
years of age. Additional Hunday tickets cannot be purchased or 
acquired. It is particularly requested that Fellows tvill sign 
every ticket before it goes out of their possession. Unsigned tickets 
are not valid. 

Fellows are not allowed to pass in friends on their written 
order or on presentation of their visiting cards. 

Aquauiuai. — Fellows have free personal admission to the 
Aquarium at all times when it is open. On 8undajs, hut not on 
week-days, they may introduce two visitors with them. These 
privileges arc personal and ouiinot be transferred. For aduiissioii 
to the Aquarium of other friends whom they have admitted to the 
Gardens by Sunday tickets they may purchase from the OlKce 
books of 20 tickets for £1, or a smaller number at the same rule, 
each ticket admitting one adult or two children on Sundays or 
week-days. Fellows may also purchase a transferable Aqiarium 
JvoRY Ticket, for XI 0, valid for the whole duration of the 
Fellowship and admitting daily, on Hundays or week-days, two 
persons w ho have already gained admission to the Gardens. 

Fellows have the privilege of receiving the Society’s ordinaiy 
rublications issued during the year upon payment ot the additional 
Subscription of One Guinea. This Subscription is due upon the 
1st of January, and must be paid before tho day of the Anniversary 
Meeting, after which the privilege laxises. Fellows are likewise 
entitled to purchase these Fublioations at 25 per cent, less than 
the price charged to the public. A further reduction of 25 per 
cent, is also made upon all purchases of Publications issued prior 
to 1881, if above the value of Five Pounds. 

FBLTiOWs also have the privilege of subscribing to the Annual 
Volume of * The Zoological Record,' which gives a list of the Works 
and Publications relating to Zoology in each year, for the sum of 
Two Pounds Ten Shillings. Separate divisions of volumes 39 
onwards can also be supplied. Full particulars of these publica* 
tions can be bad on application to the Secretary. 
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Fellows may obtain a Teansferablk Ivokt Ticket admitting 
two persons, available throughout the whole period of Fellowship, 
on payment of Ten Pounds in one sum. A second similar ticket 
may be obtained on payment of a further sum of Twenty Pounds, 

Any Fellow who intends to be absent from the United Kingdom 
during the space of at least one year, may, upon giving to the 
Secretary notice in writing^ have his or her name placed upon the 
“ dormant list,*’ and will then be called upon to pay an annual 
subscription of only during such absence, or in the event of 
returning to the United Kingdom before June 3f>th in any year to 
pay the balance of the ordinary snb8cri])tiori. After three years a 
Dormant Fellow must make a further application to be retained on 
that list. 

Any Fellow, having paid all fees due to the Society, is at liberty 
to withdraw his or her name upon giving notice in writing to the 
Secretary. 

Ladies or Gentlemen wishing to become Fellows of the Society 
are requested to communicate with “ The Secretary.” 

P. CHALMERS MITCHELL, 

Secretary, 

Kegenb's Park, London, N.W. 8. 

Juno, 1928. 
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Thk scientific publicutious of the Zoolo'j^K'al Society of London 
are of two kinds — ‘‘ Pro( (‘e(liug.s/* published in an octaro 
foriiij and Tranaactiun'^/* in quarto. 

A\ceording to tlie present arrangenuuits, the Proceedings'^ 
(foiitaiii not only notices of all business transacted at the scien- 
tific meetings, f)ut also all the papers read at such meetitigs 
and recoinnieiided to be published in the '' Proceedings by 
the 0)inrnittee of Publication A larire number of coloured 
plates aud cnjii-avings arc issued in tin; volmnes of the 

Proceedings/' to illusirate the new or otherwise remark- 
able species of animals described therein. Amongst such 
illustrations, figures of the new or rare species acquired in a 
living state for the Society's (iardens are often given. 

The “ Proceedings’' for each year are issued in four parts, 
paged (‘onseeiitively, during the months of IMarch, June, 
Se[)tember, and Dec(*nibcr. From .lamiary 1901 they have 
been issued as two lialf-yearly volumes, indexed separately. 

An Abstract of tlie Proceedings ” is published by the 
Society on the Tuesday following the date of the Scientific 
Meeting to which it refers. It is issued along with the ** Pro- 
ceedings," free of extra cdiarge, to all Fellows who subscribe to 
the Publications, but it may be obtained on the day of publi- 
cation at the price of Sixpence, or, if desired, sent post free 
for the sum of Six Shillings per annum, payable in advance. 

The Transa(‘ti(ms " contain such of the communications 
made to th('. Scientific Meetings of the Society as, on account of 
the nature of tlie plates required to illustrate them, are better 
adapted for publication in the quarto form. They are issued 
at irregular intervals. 

Fellows and Correspoudiug Members, upon payment of 
a Subscription of One (luinea before the day of the Anni- 
versary Meeting, are entitled to receive the Society's 
Publications for the year. They are likewise entitled to 
purchase the Publications of the Society at 25 per cent, less 
than the price charged to the Public. A further reduction 
of 25 )>er cent, is made upon purchases of Publications 
issued prior to 1881, if they exceed the value of Five 
Pounds. 

Fellows also have the privilege of subscribing to the 
Zoological Record for a sum of Two Pounds Ten Shillings 
(which includes cost of delivery), payable on the 1st of July 
in each year; but this privilege is forfeited unless ihe 
subscription be j)aid b^ore the lat of December following. 

The following is a complete list of the publications of the 
Society slre^y issued* 
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(Plates J.-IV.J ; Text-figures 1~3 ' 

1. Intuoduction. 

In a communication to the Proceedings of the Zoological 
Society (1926), I summarized earlier views on anthropoid brain- 
growth as follows: — ** Keith (1910) writes: ‘The age-changes 
i^n the anthropoid skull have little or nothing to do with the 
brain-growth, for by the end of the first year, if not earlier, 

• Now Aaatomiit to the Society. 

t Oommutticatad by Prof. 0. Euiox Sitixa, F.K.8., F.Z.S. 

t For explBttfttion of the PUtM* aee p. 42. 
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MK. S. ZUCKEIIMAN : 


their brains ooase to grow.' Vircliovv (quote<l by Macnamara, 
1902) states that the Ape’s brain reaches perfection before the 
slaMhhng of the teetli, and ceases to grow at this stage. Duck- 
worth (lOlf)) similarly writes : ‘ That nothing is more impressive 
in tlie (Jorilla than the small amount of brain-growth after 
infancy.’ Topinard (1867;, however, records an increase of 
22 per cent, of tlie cranial capacity in the Orang between the 
period of the eruption of the permanent teeth and maturity.” 

Keith (1910) further states that the cranial capacity in large 
anthro])oids actually decreases with age, and tlie decrease affects 
the vertical diameter of the skull measured from the upper 
surface of tlie presplienoid to the internal bregma. This state- 
ment is (junhfied In'^ Duckworth (1915), who writes that, “even 
if actual diminution of tlie vaulting is (lemonstrable, tlie arrest or 
diminution is not absolute, .... and compeiibation takes place 
by way of an increase in transverse width.*’ 

Finding that certain young anthropoi<l skulls which 1 ex- 
a, mined had capacities well below the limit to be expected, provided 
that the views expressed above were correct, and having myself 
been able to d(‘inonstrate growtli in the Baboon’s brain after 
milk dentition, I suggested that the question of anthropoid brain- 
growth demanded re-investigation. A striking instance of 
.this need was evidenced by the iliseovery of the Ta lings skull. 
In tlie lively controversy which follow’e*!, the size of its brain and 
its probable development weie widely discussed, and authorities 
differed greatly in regard to tlie amount of growth which takes 
place in the anthropoid hmin after the first permanent molar 
has erupted, 

J have since found two further references to a cessation of 
brain-growth in Anthropoids earlier than it occurs in Man. 
Hagedoorri (1924), after an examination of a large number of 
skulls, did not feel justified in saying that tlie anthropoid cranial 
cajiacity increases during the eruption of the permanent teeth ; 
and Anthony and Coupin (1926) are under the impression that 
the anthrojKjid brain stops growing between two and three years. 

On the other hand, Keith, in 1895, gave the brain-weights of 
.seventeen Chimpanzees taken from fifteen sources in tlie liter- 
ature, and twelve cranial capacities from five sources ; he also 
gave .similar collected data for thirty-eight Gorillas and eleven 
Orangs. The combination of the results of so many observers is 
an unreliable method of arriving at a generalisation ; neverthe- 
less, his conclusion was that, when the Chimpanzee was five years 
old (i. (?., one year after the first permanent molar had erupted), 
its brain volume was only 90 per cent, of the adult volume. The 
Orang’s brain reached this figure at ten years, and the Gorilla’s 
at three. In the recent discussion on the Taungs skull (1926), 
Keith referred back to this work and allowed the Taungs Ape 
15 per cent, increase in cranial capacity before adult proportions 
were reached. Keith’s statement of 1910, that his “observations 
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tlint iho iiiuxinuini size is reaclie<l much earlier in 
luitlirofxhds — |)rol>al)]y helore the middle of the second year, 
when tlie milk dentition is ci»iupleted,’’ does not, therefore, 
conform with his 181)5 work, to which he has referred iu 
connection with ^iKstrulajiUhfCus, 

Bischoir (1857) ^jinve the cninial capacities of eight Chim- 
panzees; tlie younger skulls have capacities well below those of 
the adults (see Tables JIJ. p. 14). In Virchow’s 1880-1883 
papers there is no evidence for the view’ that the anthro})oid 
brain ceases to grow' before the shedding of the teeth.” 
Selenka‘s (1808) observations showed that the growth of the 
hrain-hox followed the same course in all the anthiojioids. After 
the completion of the milk dentition the cranial cajiacity Avas 
80~ 8(> per cent, of its adult size, and after the eruption of the 
second permanent molar had reached 04-97 per cent. On 
account of tlie small nnmher of \onng skulls which lie examined, 
he did not express liimself with certainty. 

Oppenheim (1911) gave as his opinion tliat growth in the 
anthropoid hrain coiitiniuMl long after tlie last permanent molar 
had erupted, and teianiiiated only when the sutures were 
obliterated. Die deliiiitive Oriisse iler Kapnzitat des 8cbim- 
pansen sclieint init dem Abscbliiss der zw’eiten Dentition nocli 
niclit erreicbt zn sein, da die Nahte des (Sehirnschiidels sicli 
langer ollen erbaltcn.” Oppeidieiin's view, tliongli based upon 
as mucli evitlence as supports any other, has attracted little 
attention in tlie liteiatiire. 

The idea peculiar to most of these o]>inions is that at some 
stage in the maturation of the anthropoids there is an abrupt 
cessfition of brain-growth. This stage, apparently, is to he de- 
fined within narrow' limits, the process operating in all individuals, 
Donaldson (1895) warns us against interpreting the “general'’ 
method of grow'th-estimnrion in this way. “ Oliservations made 
on the gi'owth of any pai t made by the ‘general ’ method are of 
little use in determining the age at which growth in tlie 
individual censes, because, so long as any of the individuals grow, 
the curve will rise, ami there is no way to determine whether the 
vise is duo to a slight growth in many, or a greater growth in a 
few'.” The latter principle has l>een adopted as that wdiich 
operates in the growth of the human brain, w hile the former 
seems to have been relegated to the anthropoids. It is my 
opinion that there is as much variability in the time of growth- 
cessation in the higher apes as occurs in Man. To this, as av ell 
as to paucity of inaierinl, can be attributed the varying view's 
mentioned above. 

2. Material and Technique. 

To throw further light on the problem, an investigation was 
carried out on 112 Chimpanzee skulls, forty of w^hich were 

1 * 
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immature. Of the 112 only ninety-seven were in a condition 
which permitted the estimation of their cranial capacities. 

No attempt was made to subdivide them into varieties, 
although at different times several have been described. There 
are, however, two well-marked species, the common Chimpanzee 
and the bald-headed form, and the latter is said (Soiintag, 1924) 
to have a more elevated skull. Kohler (1926) remarks that “ we 
are far from possessing a clear and systematised classihcation of 
the varieties of the Chimpanzee.*’ Selenka (1898) found in the 
Orang a racial vji nation in cranial capacity ; but, though he 
mentions varieties of Chimpanzee, he groups them as one in his 
estimations. Hagedoorn (1924) denies the existence of any racial 
factor in the variability of cranial capacity, and attributes it 
entirely to age and individual characteristics. 

As the geographical sources of the skulls in the series I 
examined were, in the majority of cases, not indicated, no 
possible racial factor could be considered. It seems unprofitable 
also, in the present state of our knowledge, to attempt any 
classification of Chimpanzees on the form of their skulls alone, 
especially in view of the extreme variabilit)'^ w’hich they exhibit. 
For the present purpose, therefore, all the skulls which 1 
examined have been treated as belonging to a single species. 

I wish to express my indebtedness fo Profevssor 8ir Arthur 
Keith, the Conservator of the Museum of the Royal College of 
Surgeons; to Mr, W. P. Pycraft, of the British Museum p£ 
Natural History, South Kensington ; and to Dr. John Beattie, 
lately Anatomist to the Zoological Society, for allowing me to 
examine the material in their care. Mr. Pycraft very kindly 
gave me permission, while working at the Natural History 
Museum, to avail myself also of the opportunity of studying a 
number of skulls belonging to Lord Rothschild, which were on 
loan at the Museum at the time. 

Ageing and Sexing of Skulls* 

As a rule there is no difficulty in distinguishing between the 
adult male and adult female skulls, and only in one or two cases 
was there a little doubt as to the correct sex. The main 
distinguishing features are the teeth, particularly the canines, 
and the larger size of the male as a whole. The average 
prosthiou inion diameter in the male is 192-5 mm., range 180- 
207, and in the female 1 8 J‘5 mm#, range 164-201 . A sagittal 
crest develops in the male in only 10 per oent. of cases, so that 
this usual distinguishing mark between the sexes in adult 
anthropoids is little help where the Chimpanzee is concerned. 

The problem is entirely different when one comes to consider 
skulls of milk dentition and those which have only the firsts 
molar of the permanent dentition erupted. Here there is very 
little to help when attempting to discover the sex of the skulljl 
Unfortunately, too, museum records of JMmate collections. 
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^seldom extend so far as sex and age. To meet this difficulty, 
very careful measurements were made of the skull and of the 
deciduous teeth in three cases where the sex was recorded. 
Having taken similar measurements in the otlier skulls, it was 
found possible to divide the unknown skulk into sex-groups. 
This ih without doubt an unsatisfactory method, so, as far as 
possible, these young skulls will be considei^ed ii respective of sex. 

Estimating the age of the skulls is very difficult, as little is 
known of the times of eruption of the teeth. The known data 
indicate, as J shall show at a later stage in this paper, that 
these times are much the same as in Man. Meanwhile, the 
juvenile skulls have been arranged for the tables according to 
their dentition, and, in the separate classes thus made, according 
to gradations in age as seen by comparing one skull with another. 
This is the method followed by all previous workers : Selenka 
-(1898), in tbeOrang, and Hagedoorn (1924), in the three anthro- 
fK>id8, have ilivided the group with milk dentition and first 
permanent molar into subgroups, such as “ just erupting and 
•* erupted.’’ In two of the Chimpanzees now living in the 
Ecological Gardens the eruption of the first molar, from the 
moment the tooth appeared above the alveolar margin until 
it was in place, took about four months. The sulxlivision, there- 
fore, seems to me to be a useless procedure. 

The adult skulls have been arranged in the tables by reference 
to the criteria of maturity: (1) Condition of the spheno- 

basilar suture. (2) Condition of the other cranial and facial 
sutures, and (3) The wear of the teeth. Very few of the adult 
skulls were found to have the spheno-basikr suture unclosed ; 
Duckworth (1904), ‘Studies in Anthropology,’ records the un- 
closed condition as a frequent occurrence in the adult Gorilla, and 
such, too, were my findings in regard to the Baboon (1926). It 
may he noted here that tlm exoccipitals, basi occipital, and supra- 
occipital are generally sepamte in skulls of milk dentition. Fusion 
of the basioccipital with the exoccipitals occui*s about the time 
the first permanent molor erupts, while the supraoccipital joins 
somewhat later, after the tooth is in place. About this time, too, 
the maximum tmnsverse diameter of the skull commences to 
descend from the parietals, and before long the bimastoid is the 
widest diameter of the skull. The metopic suture closes about 
the time of completion of the milk dentition, although it is still 
pment in one skull in which the first permanent molar has 
erupted. The vault sutures commence to fuse generally about 
the time the third molars erupt. 

Technique in JEstimation of Cranial CapacUiee* 

The capacities were estimated with lead-shot following the 
method of tight packing. The volume of the shot used was 
ascertained by pouring it into an ordinary measuring cylinder 
and compressing as much as possible. The mean of three things 



6 


MR. 8. ZaCEERMAN : 


was taken for each skull. Subsequently einlocmnial casts of 
twelve skulls were made, and exact values for their capacities 
so obtained (see p. lb). Comparison witli the shot-method 
figures showed an average error of 2 2 j.)er cent, (average absolute 
error 7 c.c.). The shot- values as a rule are too high (see Ta ble IV, 
p. 19). 

About a year later I re-estimated tlie capacities of three skulls 
with the shot-method to see how these later readings would 
compare with the earlier. They were in all three higher, by 
12 c.c,, 7 c.c., and 4 c.c. respectively, the difference varying from 
1 to per cent, of my former readings. 

The absolute variations are small compared with those found 
when employing practically any method in human craniometry 
(Wingate Todd, 1923). This is due to tlm small size of the 
Chimpanzee endocranium ; the absolute error no doubt varies 
with the size of the cavity to be measured, the relative variation 
being about the same. Until a. completely uniform metliod of 
cranial capacity e.stimati(»n is used by all, the estimations of one 
observer should not be directly compared with tliose of another. 
Generalisations, such as have frequently been made in the past, 
from the combined data of difierent workers must necessarily be 
unsound. The general conclusions of one observer, however, can 
piofitably be compared with those of fuiother. 

‘ Extermil Measurements of SJcalL 

Until the first permanent molar has erupted, the maximum 
transverse diameter of the skull is taken on the parietals oi on 
the upper limits of the squamous tempura!. After this stage 
the mastoid air-cells commence to develop and the bimastoid 
becomes the greatest transverse diameter of the skull. Two 
diameters were therefore estimated in tliese older skulls, the bi- 
mastoid and one taken on the low^est part of the squamous temporal 
just before it merges with tlio mastoid projection (see p. 10). 
Oppenlieim used the disbxiice from one euryon to the other as 
the transverse diameter of the skull. By eiuyon he meant the 
upper limit of the squamous temporal. Selenkii measured the 
distance between two points just above the mastoid projection — 
about 3| to 4 cm. above the upper limit of the external auditory 
meatus. Actually, as Harris has pointed out (1926, see}). 10), 
this diameter i.s a very variable one, and the greatest width is 
only found with difficult}\ Tlie minimum frontal diameter was 
taken on the frontal-alispbenoid articulation in the temporal 
fossa. 
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Table I. 

“CA,” University Collogp. “RCS,” Royal College of Surgeons. *‘NU,” 
Natural History Museum, “ R,” Rothschild. “Z,” Zoological Society, London. 
“P” following cranial capacity figures indicates that the cranium was broken and 
incomplete, making the readings slightly uncertain. 


Part 1. 
Suhadvltt^ 


No. ot 
Skull. 


i i I s 


I .1- 

I is it ti. ^ .i' 


Descriptioh. 


: 5 ! M ' IS 

■ - H I 11^1 s « 

i 5 1 3? ' y .5 ! S s £ 7 « 'E S 

I - *5 ^ 


p* S ' f^.SS 


Revs HI . 

NH2« 
RCS ISA 


RUS17 . 
Z 3 .. 
CA14d 
NH2ft . 
RCS 17,3 


NH iH.llM.o 
NH 67.12 4.2 . 

Z2 

RCS 14 

NH 47.3.1.5 

K3 .. 

Z6 ... 

RCSlTfl ... 
CA 18 

CA 14 

RCS 17.4 . 
Rl 


icJMetopic suhire open. 2ud milk) 

' molars anil ninnies erupting. ) 

I ? Milk canines erupting 310 

' 9 Acioceplmlic delorniity. Coronal V 
and most of sagittal sutures f 
occluded. Lower canines not t 
! quite erupted. ) 

9 Complete milk dentition 270 

(^Complete milk dentition .. .. 340 

(? „ „ 295 

(7 », „ 3o0 


I ! 

I 107 


92 


1 57 73 60 
1 57 78’5' 72 


3^10 ‘ 106 


i 

i 99-5 i 87 
! no i 94 
105 ; 88 


112 


I — j 61-5 87 74 

; I 

' — i 58 71-0 6* 

' — ' 61 78 70 

■ - i 01 7.V5 70 

! — : 60 82 74 


|!270 


R2 

NH 1.8.9.11 .. 
NH 65.6.9.4 ... 

CA12 

RCS 18 

R4 

NH 1.8.9.9 

OAll 


R6 

zi 

NH 77.8.1,8 
RCS 12.6 


Left zygomatic bone divided into 
two — “Os .Japoincum,” ) 

9 Complete milk dentition , 266 

<? „ „ i334 

^ i« ft It ‘ S15 

;<7 ft. „ 

j 1st molar about to erupt. 

(Jlst perm, molar erupting. Rasi- 
occipital fiiued with exoccipitala. { ; 

^ Milk dent. + 1st jienn. molar .... ; — 

1 Milk dent. + Iht perm, molar. ^ 
j ( )ccipital in one. Motopic sut. open. ) j ’ 

1 S Milk dent. + 1st perm, molar 355 

'■f I»15 

S laei 

3 '330 

^ . »f tf •> ft ^ i» 

dccip. bone in one. Sierra Leone. 

^Milk dent. + lst i>enn. molar. 

Occip. Iwue in one. 

9 Milk dent. + Ist perm, molar 

^ ji ft ft »» » 

<7 If »f »• if w 

^ i* W ff^ ft ft 

Perm. med. incisors erupted. 

9 Incisors and 2nd perm, molars 
erupting. Upper Congo. 

9 Incisors and 2nd perm, molars 
erupted. 

9 Perm, incisors and 2nd molars 
erupted. Premols. erupting. 

<jPremolaj*a erupted 

» . >» 

Perm, canines erupting 

9 Complete perm, dentition except for 7 
8rd molals, ) 


330 112 95 i — i 63 82 ' 65 


J i 363 

. |363 
...377 
j392 

[l297 


860 


851 

410 

446 

800 


107 

104 

110 

’ 107 
' 114 

115 

125 
117 

116 
lU-6 

122 

123 

126 
119 
118*6 

119 
117 
126 

127*6 

120 

180 

122 


86 i 88 
91 i - 
93 — 

87*5 ' - 


i59 71 fi-I 
; 58 84 74 
, 69 78 66 

'68*3 74*4 61-5 

t 

;67 81 ,72 


95 

96*6 

89 

97 

93'6 

97 

94 

97 

96 
96 


98 

94 

100 

96 

100 

94 


!70 

98j68 78 j67 

— j 62 — : 70 

— 162 , 83 71*5 

— ! 69 84 72’6 

— j 63 I 8tJ ; C6 

101 167 ',82 ,72 
103 67 1 88 168 


I 64 1 82‘6 71 

167 184 i74 

1 68 1 80 :73 
; 69*6 80 1 65 

'66 184 '76 

; I 1 

;64 i86 i72 


87 ;76 

84 1 7* 

93 Ir# 

85 63 
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Table I. {continued)* 


T 

1 1 

•s 


1 

1 



1 

i i 

j Description. | 

1 

es 

1 ^ 

< a 

sC 

a 


3 

u 

as 

;iw 

i ^ 

1 '5 

S 

1 ^ 


K.S 

li 

1*! 


II 

:|s 

d u 

La *>5 

i (J Complete perm, dentition except tor ) 
i 3rd molars. ) \ 

431 

131 

105 

j 

116 ! 

1 

73 

88 

76 

9 Complete pt!rm. dentition except for 1 1 
3rd molars. ) 

361 

135 

96 

109 ! 

68 

87 

73 

^ Complete perm, dentition except for 7 ; 
j 3rd molars. ) j 

882 

132 

108 

1 

76 

87 

67-5 

jd' Complete perm, dentition except fori 





63 

85 

65 

1 3rd molars. > 

400 

129 

101 

— 

1 M. 3 erupting in lower jaw. ) 

? Complete perm, dentition except for "I 





68 

86 

71 

' 3rd molars. >■ 

i M. 3 erupting. ) 

375 

131 

102 

119 


1 


, ^ Complete perm, dentition except for > | 
3r(l molars. ) j 

892 

138 

106 

- 

06 

88 < 

72 

Complete perm, dentition except for ) I 
3rd molars. ) 

415 

142 

104 

— 

'71 

1 

199 

! 

70 


Table I. 
Part 2. 

Adult Females, 


I'EBCBlPTIOlf. 


. 

< i 

i 


3 


li 

S-r 

8 ^ 

II 
• 1 

ns si 

u 

XX 

i-M 

a V 

8 O 

.2'r; 


1-^ 


B S 

p 



RCSA63.4.... 1?^ 
NH20 4.18.2.... 19 

R7 9 

RCS4 2 

NH 64.12.1.7 9 

RCS 12.63 9 

R8 $ 

NH 83.7.28.17 .. ? 

RCS17.6 9 

R9 2 

Rl3 9 

CA146 $ 

RCS6 9 

BCSllo 9 

NH 5.4.14.2 ? 

NH 6.4.14.1 .... ? 

NH 96.4.1.1 9 

NH 7X8.8 2 

NH61.29.7.14 ... 9 

NH 1.8.0.84 9 

NH 90.6.8,2 9 

RIO 9 

Rll 9 

PI ? 

R12 9 

NH 88.7.28.18 ... 9 

R14 9 

NH 87.12.2.1 9 

RCS2 '2 

CAUC 9 

BC811 9 


( 350 180 

> Rasi ’•sphenoid iuture open<< 350 122 

J ( 360 131 

) Bafti>.«kphenoid juat closed. ( 860 128 

} 2nd molar woni. I 896 182 

'I ^ ... 340 180 

Im. 8 not worn. Cranial "‘oqo 126 
r sutures still open. “ jgg 

J Gaboon 331 124 

^ 377 180 

I e... ...870 186 


Deformed vault eo 


U' 



Toro "8 

Cen. Africa 2 

Gaboon g 

Tuugen .g 


Eooloe Kamba 


( 366 131 

( 860 123 

i 896 182 

... 340 180 

...466 188 

... 862 126 

...366P 129 
.. 381 124 

... 377 180 

...870 186 

-tfSSOf'i 184 
? 870F 120 


I 880 I 128 

' s -- m 

860 127 

I 846 186 


i880 181 
1 444 187 


886 180 
884 129 

412 I 187 
861 141 


84 68 
84 66 

86 70 

88 68 
93 71 
82 66 
91 74 

. 87 70 

91 72*6 

> 81 64 
! 89 78 
i 88 73 

91 — 

> - 74 
( 86 67 

— 78 

87 71 
I 86 72 
I 92 71 

i 88 69 

- 72 
, 88 78 

87 70 

87 68 

88 67 
'99 71 

87 66 

88 69 
91*6 66 
87 68 
90 69 
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Table I. 


Advlt Atales* 


Rio 

Rie 

R26 

NH 0.4.14.8 .. 
NH94.7.26.2 .. 
NH 24.7.26.8 .. 

R 18 

K17 


RCS11.2 . 

RC81U 

HC83. . . 
RCS 12.52 


IiCwSlO.5 . ... 

HC.N9 

RCS 8 

RCS 10 

NH 12.10.28.70 
NH 22.12.19.1 
NH 64.12.1.8... 

R19 

H20 

R21 . 

NH 90.6.8.1 .. 

R22 

NH 12 10.28.60 , 
NH 23,1.2.4.1 
NH 1.8.0.10 . 
NH 61,7.29.10 
NH 17.12.16.1 . 
NH 23.3.1.1 .. 
NH 94.7,26.1,... 
RCS 10.52 .. 

NH2r 

NH 7.7.8.10 .... 
NH20.10.2U 

NH7.1.8.0 

R23 

R24 

NH 82,0.18.1.... 

RC81 

BC812 


DBSCBirTION. 


• W«t Africa.1 

, . ! aiid other 

Uineroout*. ^ oi^en. 

Li ler a. J ^ ^ untouched. 

Bonin. ICran.snO .. 
KooloeKnmba. ) open. 
West Atr. M.3 1 g . 

unarupt. o 

S. Nineria j * 

Sierra Leone ^ © j 


Supeinunierary peg- 
like molar 


GoldCoabt 
W. Coael Afr. 
OabrKin . 

8. Nigeria . ... 
Belgian Congo 


Cameroone 

French Congo . ... ^ 

L. Albert Nyai«a ... 

Kooloti Karaha X 

S. Nigeria ® 

Sieira Leone .... v 

Torn I 


Sierra Leone .. 


Ruanda ... 
8. Nigeria 

Gaboon 

Congo 


-is 


Gaboon. Peg-like M.4, Z 1 
Two peg-like .M.4 ... J < J 


j Cranial Capaoit, 

Maxiintiin Ant. 
Post. Diani. 

C 

& 

Do . 
c b 
2- 
S| 

M .£ 

«* --s 

J 

« 5 

* a 

'•S5 

6x 

e.H "a w 
. « £ ' H ‘iS 

Si. « £ 'C a 

” 

370 

127 

95 

'117 

64 86 67 

330 

127 

96 

117 

65 87 ,71 



— 

117 

— _ 

78 -|81 





— 

— 

68 90 76 

400 

131 

99 

123 

66 84 71 

460? 

111 

103 

— 

65 90 177 

375 

136 

100 

121 

71 92 [71 

356 

129 

96 

121 

68 87 68 

455 

139 

107 

— 

71 90 '66 

i304 

131 

104 

— 

67 81'5 68 

|380 

136 

103 

1 — 

69 85 64 

.430 

135 


— 

70 92 72 

'330 

127 

94 

— 

02 187 ,63 

liS7 

143 

107 

— 

63 ’ 92 68 

[415 

140 

98 

! 

61 1 92 68 

'4<H) 

183 

97 


62 i91 64*5 

i885 

138 

102 

'us' 

67 190 69 

i472 

138 

105 

123 1 

67 ! 92 73 

-350 

129 

100 

•117! 

66 188 i72 

415 

142 

i 97 

127! 

70 92 179 

‘325 

135 

98 

123 67 1 88 68 

425 

133 

1 102 

126 

69 95 1 70 

410 

1 137 

105 

180 

63 1 88 ' 72 

350 

126 

. 96 

,115 

63 79 64 

!4tK>? 

; 136 

99 

:ii8 

64 ; 92 71 

.410 

133 

106 

;i27 

67 95 78 

i415 

135 

98 

118 

65 1 90 74 

,435 

139 

103 

124 

7oj92 74 

. 

133 

102 

122 

6.5 1 88 72 

' — 

126 

97 

117 

67 ' 82 66 

i 

134 


— 

‘ 

--go- 

,407 

131 

98 


es 94 69 

j 

134 

103 

125 

70 — : 74 

.|410 

141 

102 

122 

70 91 76 

|360 

125 

, 94 

118 

65 90 67 



> 126 

102 

120 

’ 70 84 67 

411 

138 

, 106 

• 132 

69 90 74 

.600 

145 

. 100 

129 

72 91 <74 

.301 

‘ 133 

; 105 

!135 

67 91 ! - 

.403 

> 134 

! 100 

1 — 

00 95 71 

,(386 

, 140 

1 108 

, 

65 88 , 67 
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3. The Exterior of the Cranium. 

Harris (1920) remarks, regarding theconifiarison of anthropoid 
with human skulls, that all external measurements of Jength 
in the anthropoid skull are vitiated by the strongly-developed 
crista occipitidis, and, in the Gorilla, the more strongly- 
developed cristii supra or hit^lis. A fact which has not been so 
clearly recognized is the still greater error in detei'inining the 
breadth of the briiin-case. The parietal eminences of the 
anthropoids are not well developed ; they do not overlie the point 
of maximum breadth.’^ 

For several reasons, however, it is wise in the study of the 
growth of the Chimpanzee endocranium not to neglect external 
measurements. Finstly, the overgrowth of bone, which is such 
a feature in tlie development of the temporal and occipital areas 
of the Gorilla skull, and which leads to the formation of sagittal 
and occipital crests, is much lesvS marked. The primitive 
function of the cranium us a brain-case is not so hidden by 
overgrowth of hone for the attachment of the muscles of the 
rapitlly-growing jaws as it is in the other apes. Occipital crests, 
never very massive, aie formed, pai'ticularly in the male, by the 
fusion of the upwardly-extending nuchal line with tl)e back- 
ward ly-reced in g temporal lines; but the fusion of tlie sagittal 
lines, to form a sagittal crest, is a rare phenomenon. In the 
forty adult males which I examined, it occurred only four 
times. 

The transverse diameter offers all the difficulties that Harris 
mentions, lint if it is jiossible to obtain a measure of this 
diameter in all skulls at some point on the cranium not 
completely masked hy overgrowtli of bone, then such a diameter 
should be taken. Fortunately, in the Chimpanzee, the mastoid 
air-cells do not invade the squamous temporal aliove the level of 
the petrous bone. And although it was difficult always to be 
sure that the points of the calipers were on the same points in 
each skull, I took a <liametei on the lowest paH of the temporal 
squama just before it merges with the mastoid projection — the 
level of the upper surface of the petrous bone. Selenka and 
Oppeiiheim measured higher up on the cranium. 

Tlie minimum frontal breadth (see p. 6) was taken in a 
region where there is no increase in the thickness of bone 
during growth, and thus vai’iations in this extenial measurement 
reflect variations in the interior of the skull. 

Similarly, all measurements of height are valuable, for the 
thickness of bone in the region of the sagittal suture varies very 
little in old and young skulls ; such measurements can, therefore, 
be employed as an index of variations in the height of the 
etidocranium — except, of couree, in the four cases where the 
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sagittal crest developed. 1 frequently noticed a small depression 
over the bregma in the old skulls. 

A striking instance of the small use one can make of e.\ternal 
measurements in estimating tlie cranial capacity is afforded by 
skulls R. 15 and R. IG. I'he external diameters of R. 16 are 
either identical with, or a millimetre or two larger than, those of 
R. 15, and yet its capacity is 40c.c. less. (8ee Table I. pt. 3.) 


External ^fleasurenienis of Cranium » 


a. Length. 




Male. 


No. of 
(^ases. 

Av. 

Uuniig milk dmit. 

7 

107 

With 1st molar . .. 

7 

119 

With molar and 



premolurs 

2 

126 

With canines, ^^ith- 



out M. 3 

« 

134 

Adults 

39 

134 


Fbmale. 


Kauge of 

No. of 

Av. 

Kaiige of 

Variation. 

Oases. 

Variation. 

100-112 

5 

106 

99-5-112 

111-126 

6 

119 

117-125 

120-130 

3 

123-5 

117-127-5 

129-142 

2 

128*0 

122-135 

126-145 

31 

130 

117-141 


Ko growth occurs in length after the eruption of the 3rd 
molar. Appaiently the eruption of the canines marks the end 
point of the muscular development of the jaws. Jt is interesting 
to see in this cessation of growth a process attendant on the fact 
that the third molars in the Chimpiiuz<*e, as in Man, are 
degenerating. 


b. Tran$ce7'8e IJiaineter 

Male. Female. 



No. of 

Av. 

Kange of 

No. of 

Av. 

Kauge of 


Cases. 

Variation. 

Cases. 

Variation. 

During milk dent. 

6 

91 

87-5-94 

6 

90 

86-92 

With Ist molar ... 

. . 7 

96 

93-97 

4 

93 

89-97 

With 2ml molar 

and 






premolars 

. . 2 

98 

85-100 

3 

97 

94-l(H» 

W ith canines, w-ith- 






outM.3 

6 

104 

101-108 

2 

96 

94-9(J 

Adult 

38 

101 

94-117 

30 

08 

93-105 


Here, too, we find no appi*eciable inciease after the period 
when the incisors, preniolars, and canines erupt ; this, however, 
does not bear so directly upon the regression of the masticjatory 
apparatus as does the lack of increase in the length of the skull ; 

• Owiug to att oversight the bima»toid diameter wa» owlv meaRured on the ekulls 
at the Natural Hietory Muacinn including the Hothachild collection. Until tlie 
fleet permanent mohir haa erupted, the wid^t traneverBO diameter is always found 
on the brain-box pi^oper. 
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for in taking this particular transvei'se <iiameter the aim was 
to escape those areas of bone specially developed for muscular 
attachment. The major part of the 5 or 6 millimetre growth 
after the eruption of tlie first molar is due to increased thickness 
of bone. We shall return to this point in a consideration of 
endrocranial casts. Tliere are not enough data to demonstrate 
the increase in the bimastoid diameter after the eruption of the 
canines. But tlie few figures collected for these immature stages 
do not suggest that the growth of this diameter differs much 
from that of the length of the brain-box — t. e,, little growth occurs 
after the eruption of the 3rd molar. 


c. Minimum Frontal Breadths 

This diameter is of definite value in estimating variations in 
the interior of the skull, as there is no appreciable thickening 
of bone — barely a millimetre or two, if anything— -during the 
whole process of growth at the points where these measurements 
were taken. 



Male. 


Female. 


No. of 

Av. 

Range of 

No. of 

Av. 

Range of 

Cases. 

Variation. 

Cases. 

Variation. 

During milk deut 7 

60 

67-64 

5 

60 

67-68 

With 1st perm, molar . 7 

66 

62-69 

5 

64 

60-67 

lutermed. stages, 2 

With cauines, with- 

64*0 

64-65 

3 

65 

tH-87 

outM.3 6 

60 

63-76 

2 

65 

62-68 

Adults 40 

67 

61-78 

29 

66 

t«)-78 

Very little growth takes pi 

ace in this diameter 

after the 

fir.st permanent molar has erupted. 




d. Baai* Bregmatic Height, 






Male. 


Female. 


No. of 

Av, 

Range of 

No, of 

Av. 

Range of 

Cases. 

Variation. 

Cases. 

Variation. 

During* milk dent 7 

78 

73-84 

5 

78 

71-87 

W itb 1st perm, molar . 0 

82*5 

80-88 

5 

81 

82*5-84 

In termed, stages 2 

With canines, with- 

88*5 

84-93 

3 

85 

84-87 

out M. 3 6 

89 

85-99 

2 

86 

85-87 

Adults 39 

89 

7^96 

28 

87*6 

81-98 


An average increase of 6*5 mm. is shown in this diameter in 
both sexes after the eruption of the first molar ; as has been 
previously noted, there is no increase in the thickness of the 
bone itself. Therefore the 6*5 mm is a definite increase in the 
height of the endocranial cavity. 
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e. Auricula- Bregmatic Height, 



No. of 
Cases. 

Male. 

Av. 

Range of 
Variation. 

No. of 
Cases. 

Female. 

Av. 

Range ot 
V^ination. 

During milk dent. 

7 

09 

(U'5-74 

5 

68 

04-74 

With let molar . 

8 

70-5 

60-73 

0 

70 

65-74 

Intermed. stages .... 

2 

7rtr> 

74-70 

3 

74 

72-76 

With canines, with 
outM.3 

. 0 

70 

65-75 

3 

68 

63-73 

Adults 

39 

71 

03-81 

30 

69-6 

63-74 


Tlie averages obtaiiie<l for the “Intermediate stages will not 
be considered, as they are bused on only five specimens. Excl ud ing 
tlii.s group, we find that there is no growth in the Aurieulo- 
Bregmatic diameter after the first molar erupts — not even in the 
thickness of bone. Seeing that the totul iioight of the endo- 
cranial cavity does increase after the eruption of the first molar 
(basi-lu*egniatic diameter), the growth in height iiiiist take 
place below the Miboerebral plane — in the cerebellum and 
temporal lol)es. This roncdusion is similar to the one 1 arrived 
at in regard to Papio porcaria^ (1926). 


4. CttAMAL Capacity. 

Table II. 

An Analysis of the Cranial Capacities in Table /. 


j lrret»j>ective of Sex. Femth*. Male. 


*3 

Description. v:: 

o 

6 

X .St ' 

'? * - . i ' V 

■ ? ' iX' 1 i =r 

i t li! tf i S 

.S 

ii* 

W 5 

tLs 

g sr 

§ W 
> 

< 

c.’ 

OS 

Milk dentition. . 11 

314 ; 260- ■ 5 , 300 j 266- ' 6 

c.c. 350 ; c.c. 1 340 i 

' ( 1 

317 

c.c. 

270- 

350 

Milk dentition + 10 

1st perm, molar. 

3S5'3 313- 4 1 351 

e.c. 303 ' c.«. 

t I ‘ 

816- 1 6 
877 1 

359 

c.c. 

1 - 

330- 

392 

1 

Intermediate stages.! 7 

867*2 297- 
c.c. ‘ 446 

4 

365 

c.c. 

807- 

300 

3 

402 

C.C. 

361- 

446 

-.11 1 

Srd molar ^ 8 

unerupted. ! 

38*-6j 300- 
C.C. i 431 

3 

iBSi 


6 

399 

C.C. 

376- 

431 

A4ulit. 

61 


27 

865*8 

C.C. 

290- 

456 

84 

899*6 

C.O. 

8S5- 

600 
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Table 111* 

(h'anial Capacities-- Collected Results of Former Observers^ 


Apult 


Ai>ult $. 


Subadult Skulls. 


No. of' Av, It 
C asos.lCapac.r 


“■ Av. :iU,.«e. Age. Se.. Av. 


Totinaed, 1894. 
Hi Shot. I 


VooT (Topiiiard, 
1894). Millet j-j 


Wtman I 

(Topinard, j 

1894). Millet? 


421 382- 1 

! 482 I 


1 Milk 
dent. 


7 ISex aiiid ape r Uangei294-42 4. 


BiaciiojPF, 1867. 1 

1 ! 410 

i — 0 367 330- 

2 I ? i 

! 

i ? 

312 

Method ? 1 

i 1 

1 460 


! 



Keitu, 1896. I 
Collected data. ' 
Methods P 
Owen. 

Turner. 

DuChaillu. 


Seleeka, 1898. 
Shot arid millet 
sml. Some 
collected data 
included. 


1 I 300 — , 1 393 ~~ 1 ? 

4 |Sex an d age?| Avera ge 336 *6. K ange2 62~409j. 


21 42U 350- 20 i 390 320- 1 Pre. j? 


21 ' 42U 350- 

i 480 


OpPBlfHBIM, 
1911. Millet 
seed. 


HaobdoobiTt I 

1924. Millet?! 


404-3 360- 
j 470 


6 386‘7i 340- Sex? 

(446 


388-8 860- 
440 


Collected data. I 106? 411 330- 

' 480 


106? 883 


milk. 

6 Milk. ! 

1 

7 Milk. I 9 

12 Milk. I A? 

5 Milk S 
+ M.1, 

3 Milk $ 


+ M.I. I 

2 Inter, ^ \ 

stages. j 
2 Inter. $ 

stages. 

4 Inter. (J 

stages.! 


2 Pro. P 

milk. 

8 Aslate ? 

as int. 
stages,! 


6. Milk ? 
•fM.1. 

2 Inter. ? 
^agte, 

I M3.an- F 
mpt 


328 

344 

! 

246 

i 220- 

1 290 

362 

805- 

394 

326 

300- 

360 

336-6 

3(K>- 

394 

369 

i 326- 
i 422 

346 j 

1 330- 
364 

860 I 

326- 

422 

390 

360- 

480 

876 

8W- 

420 

882 

1 

330- 
1 430 

810 i 

i 

140- 

280 


300- 

— i 

1 

360 


Hrdli6ka, 1926j 



860- 

— ' — 860- 


A Mabtut, 
1914. 



170 

i 440 
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Six of the twenty-seven adult female capacities given in 
Table 1. part 2 are below 350 c.c. and of these, fi\e lie between 
330 c.c. and 350 c.c. K 12, with a capacity of 290 c.c., is 
probably an example of a microcephalic Chimpanzee skull. The 
lowest normal capacity is in the region of 330 c.c. Similarly, 
a capacity below 360 c.c. is mre amongst males, only three 
occurring in the series of 34, Table 1. })art 3, two with a 
capacity of 330 c.c. and one with that of 325 c.c. Nineteen 
{50 per cent.) iiave capacities above 400 c.c. The mean capacities 
I obtained for adults are lower than those of previous observers. 
»Selenka’s ligures are 20 c.c. iiigher than mine Bearing this 
in mind, a glance will show tliat his curves for adults are practi- 
cally the same as mine (text- figs. 1 and 2). 

Sexual differentiation in cranial capacity is not marked in the 
early stages (see Table 11.). It commences to develop after the 
eruption of tlie i\mt permanent molar. The average difterence 
l)etwcen the adult male and female is 34 c.c. (Selenka found 
31 c.c. ; (Ippenheiiu 15*5 c.c.; Hagedoorn, from collected data, 
25 c.c. ; and Topinard 17 c.c.) If the adult male capacity is 
reckoned ajs 100, then tJie adult female is 91*5. (Selenka 93, 
Oppenheim 96, Hagedoorn 93*5, Topinard 96.) My figures have, 
howe\ei*, been obtained from a larger series than those of previoii.s 
workers. 

'riie average capacity, irrespective of sex, for tl)e stage of 
Milk Dentition -f 1st Molar is 13*3 percent, higher than that 
during Milk Dentition. In males the increase is 13*2 percent. ; 
in females 13 6 per cent. 

The average capacity for adults, irrespective of sex, is 8*1 
j)€r cent, higher than for imlividuals of the stage “Milk 
Dentition 4- Ist Molar.** In males the increase is 11*3 percent. ; 
in females 3 per cent. 

The average capacity for adults, irrespective of sex, is 2*5 per 
cent, greater than the capacity during the intermediate stages. 

The average capacity for the group of eight (irrespective of 
aex), with only the third molar of the permanent dentition 
unei'upted is the same as for adults. There are only two 
females in this stage, and it is to be expectcxi on tlie score of 
numbers that their average capacity should difl*er from that of 
the adult females, as it does ; but it is surprising to see that the 
six males have an average capacity the same as that of the fully 
adult males* 

Unfortunately, on account of the paucity of material belonging 
to the ** Intermediate Stages’’ and the “Third Molar Un- 
erupted ” groups, it is impossible to state whether or not there 

* A S per cent, diffei^ttce between millet leed and shot estimation is large. 

Neveitbeleaa, them is a consistent variation between Selenka’s determinations and 
my own for adults which make car resulti ccnnparable. In the subabults there is 
no cottstant diflerenee. It must be remembered that Selenka used shot, millet seed, 
and peaa lor his estimations. In his descriptions it is not clear whether he used 
all three in each ^uU, or whether be varied the procedure from one to the other. 
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is a period l)etween the eruption of the first permanent moler 
and maturity wlien brain-growth abruptly ceases. The few 
figures tliat we have for these stages do not suggest any such 
phenomenon. 

An examination of the mnge of capacity in the diflferent 
stages also merits consideration. (See Table I.) 36*5 per cent, 

of the milk dentition skulls have capacities below 300 c.c. ; 
none has a capacity above 350 c.c., which is, practically speaking, 
the lower limit for adults. 

Of the next group — those with the first permanent molar 
erupted — only one skull has a capacity less than 300 c.c., but 
none again exceeds 400 c.c. Seven of the ten have capacities 
between 350 c.c. and 400 c.c. A considerable amount of growtli 
must occur between the eruption of the last milk tooth and 
that of the first permanent tooth. 

Text-figure 1 . 


260 300 350 400 AGO 5^0 



CRANJAt CAPACUY tN C C 

— ADUlT MALE ADULT FEMALE 3ril MOLAR uaERL»PTEO« ISt P MOLAR STAGE 

MILK DENTITION 


59 per cent, of the 34 adult males have capacities above 
400 c.c. — one has a capacity of 500 c.c. Only tlnee, or 1 1 per 
cent,, of the adult females exceed 400 c.c. One can see that, 
particularly in the male, growth must continue for a long while 
after the eruption of the first permanent molar. 

The range of capacity in the Intermediate Stages ” and 
** Third Molar Unerupted ” groups is not so large os in adults. 

Selenka alone of previous observers has met wdth capacities 
in the early stages which exceed my limits. He records three 
male skulls of milk dentition with capacities of 894 c.c., 
375 C.C., and 370 c.c. respectively, and one male, in which 
the first permanent molar had erupted, that had a capacity 
of 422 c.c. Allowing for the difiPerent tedinique in capacity 
estimation, the skull with a capacity of 394 ex. alone does not 
accommodate itself to the limit of capacity I found for its stage. 
The other three would most probably approach the limits I have 
found, for Selenka’s method, as 1 have mcntiotied previouaty, 
gives values some 20 cx. higher than mine* 
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Text-fig. 1 consists of curves from the various stages super- 
imposed one ou another. The extension in range of capacity 
with the onset of each stage is well marked. Text-fig. 2 is a 
copy of Selcnka’s curves for his adiilt Chimpanzees. 

Tiiere is no evidence for Oppenheirn’s suggestion that growth 
in capacity ceascds wlien the sutures occlude. All the evidence 


J'ext-figure 2. 


300 350 400 450 500 



WALL FCMALL 

suggests a po'^sihle continuation of growth until the stage 
preceding tlie eru[)ti<)u of the thir<l molar, but there is no 
evidence as yet for any growth after that ])eriod. 

Assuming the adult capacity to bo 100, the capacities of the 
earlier stages a.<‘C()rding to vjirious observers are as follows: — 



Jncsppcti^e 
<)1 Sex. 

:Vlale. 

Female. 

( )l)h«M‘ver 
an<l X«. of 
Skulls. j 

... i_ 

At Milk 
Dentition. 

After Eruption 
of 14 molar 

1 

1 -15 i ; 

' ! 

1 

< i 

J ^ 

C. i 

tZ 
\ c ® 

‘ < 

jK .tr 

?? 

rt 

3 S 
>' W V 

u ^ 

! r 

Present in- J 

B!2 skulU. 

817 

^26 

79-4 1 

j 

89-9 

84*5 

j 90 

1 

1 

i 

Sphutka, 

70 skullA. ' 

832 

89 

84 j 

i 

I 

88 

84 

1 88-7 

Haffedooni, 1 
15 akulln. ; 

1 

60'3 

1 84-8 


1 

! 

! 

1 



Keith, from his collected data (1895), estimated that the 
capacity at the end of the “ Milk Dentition -f- first permanent 
Molar stage was 90 per cent, of the adult capacity. Selenka 
stated that after the eruption of the second permanent molar 
the capacity was 94--97 per cent, of the adult size. He bad 

Paoc. Zoot.. Soo.--ie28, No. H. 2 
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only four skulls, however, for this stage. The average capacity 
for iny seven skulls of the “ Intermetliate ” stage is 97’5*per cent, 
of the adult. 


5. En'docranial Casts. 

We come now to a more accurate method ot determining the 
form and variations of the endocranial cavity — namely, by means 
of casts. Unfortunately this, although the ideal method of 
undertaking a study of the brain-box, has its limitations : 
one, the' amount of labour entailed in obtaining an accurate 
<*ast : and anothei* and more important one, the fact tliat few 
museum authorities approve tlie idea of sectioning specimen 
skulls. 

Moreover, an objection is frequently lodged against the method 
/on tlie score of inaccuracy. It is said that tdie sawciit removes 
] mrn. or 1’5 mm. band of bone as sawdust (Harris, 1926), and 
thus reduces the breadth or height of the cranium, depending 
oil the line the sawcnt takes, and so reduces the capacity. 
Actually this is not always the rule. As Wingate Todd has 
pointed out (1923), there are sometimes one or two places 
which the saw has not severed and which break w'heu the two 
portions of the skull are separated, leaving irregular joint-s 
which fit together accurately when the two halves are opposed. 
In this way a crack, the width of which correspomls to the 
amount of bone removed, separates the two parts of the skull. 
About thi’ee of the twelve skulls from which casts were taken 
had been sectioned badly, and the divided portions did not 
fit together accurately; only one, however, w^as markedly bad. 
All but four of the twelve skulls had been sectioned by former 
observers. N.H. 82.9.18.1. is a cast belonging to the Natural 
History Museum. (Table I. part 3, & Table IV.) 

Wingate Todd mentions a further objection to casts as a 
means of obtaining accurate figures for the cranial capacity — 
namely, that plaster when wet increases in volume. This 
objection has been overcome in the past by Wagner, who 
weighed the cast, and by Welcker, who varnished the plaster 
and then estimated the volume. 

It is necessary, therefore, to indicate my procedure. The 
plaster casts were made in the usual manner from gelatine casts 
of the interior. After they had been thoroughly dried, they 
were placed in liquid stearine, and allowed to remain until the 
stearine had displaced all the air in the pores of the plaster — 
generally about half an hour. They were then removed and 
wiped dry. It is found that no stearine adheres to the surface, 
and the plaster, when cut, has a peculiar solid consistency all 
its own. Water has no effect on its volume when it is treated 
in this way. 

The cast volumes were obtained by water^Iisplacement — 
measuring the overflow which escapes through a tap soldered 
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into tlie si<l6 of a round tin, tho diameter of which 'was just 
larger than tlje greatest diameter of the casts. The procedure is 
simple: the tap having been closed and a wire “cradle” placed 
inside, the tin is filled with water; as soon as the water-level 
is steady the tup is opened; water then escapes until the level 
of the water roaches the lowest point of the opening of the tap 
into the tin ; the tap is then closed again and the cast immersed 
gently on the cmdle ; the tap is not o]>ened to let out tlie overilow 
until the oscillations in the ^vatei’-level cease. By einploving 
this method carefully the same reading for a cast can be obtained 
time after time. 


Table IV. 
Kadocrtniial (Jasts . 


XuMjhrr 
ot ^kllll. 

C c-* C— ^ « 

w' ^0^4 ,35 

- X i*® 1 3. 

t 

« £ 0 ^; 0 Q 

0 . 

(b 

0 

S 

M 

X 

9 

n 

a 

U(’S17, M.D., V .. 

270 /J72 2 18 24 

96 i|83 ; 68 

52 67 j 70 

87 

VAUd. M.l)., d* 

M 2i>r> 207%> 27 6- 88 ') 83 ' 71 

51 ,'73 |72 

84 

IlCSU. M.I)., 

270 273 317 20 

1 99 ,845 70 

49 ‘ 67 1 80 

85 

CA 13. M.l, 9 

315 311 207-5 43-5,104 ,83 i 73 

51 , 67 1 74 

80 

12.6. M. 3 ab.Hent, 9 • 

300 290 -249 41 

iioi 82T> 78 

48 ' 69 j 75-5 

81 

RCS 4 A. ("ran. sutures open, 9 

360 ,313 -299 44 

( 

;it)5 ‘88 82 

j ' , 1 

52 , 75 1 78 

84 

CA14<?A. Aped? .. 

361 358 324 32 

|114T. 89 ' 79 ! 

j j ' 

60 ; 71 j 81 

78 

UCS3A. Middle . 

380 370 laiU 60 

1 

!i 13 '94 j 78 j 

60 1 72 i 8o-5 

! j 

83 

KCS 10.6 A. M. 3 worn, ^ ... 

.:3;i0|322-6j269 53-5 

i 1 

jl02 '87 ! 78 1 

51 '74 !80 

i ! 

85 

RCS9A. M.Sworn, (J 

437 420 j379 ' 41 

jll5 95 Ua 

( i 

00 ; 70 - 5 ! 80 

S3 

lies 8 A. M.8worn,^ 

' 4 I 6 MM) i34« 62 

! ’ ■ 1 

lllo .91 i 86 

56 j 75 1 80 

79 

NH82,fl.l8.1. AJ' 

1 — 391 i334-6, 66-6 

■1)1 

!io 8*6 93 i 80 

I 

54 1 76*5; ‘84 

86 


The casts vary greatly in form. No two can be said to 
resemble each other closely in detail. A very close correspondence 
in general appeamnce is found in an Orang (cast from skull 
R.C.8. 49, Milk Dentition and first permanent Molar) and the 
Chimpanzee R.0*S.4. But while the parietal region in the 
Drang is better developed than tl»at of the Chimpanzee, the 
reverse oocura in the frontal. (See Pis. I., II., and III,) 

It is impossible to remove from the cast the exact amount 
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which must have constituted the volume of eiidocranium beneath 
tlie tentorium cerebelli. To obtain the volume of the cast, minus 
what is called the cerebellar portion, the following procedure was 
employed : — The portion of cast below the middle of the trans- 
verse sinus was cl)ipped away to leave in each case a flat surface 
which led up to the pitiniary fossa. In all cases, at the region 
where the ti’ansverse becomes the sigmoid sinus, it was necessary 
to chip below the sinus in order that tlie exposed surface should 
be perfectly flat. The portion removed does not represtmt- half 
the cerebellar eiidocranium, for it is quite possible for the cere- 
bellum to extend upwards in one cavse more than in another ; 
neither does it represent the endocranial volume below tin* 
subcerebral plane. However, a means is thus provided of com- 
paring a portion of the cerebellar endocranium in one cast with 
the same ]) 0 ! tion in another. 

The vaiiations in the form of the cerebellar endoci’anium were 
strikingly demonstrated wlion taking tJie maximum anieio- 
posterior diameter of the cast of R.O.S. 10.5, when it was found 
that the posterior arm of the calipers had to rest on the cerebellum 
— an instance wliere the cerebrum did not completely cover the 
cerebellum. Occasionally a slight asymmetry is found in the 
cerebral hemispheres. In li.O S. 4, ll.C.S. 8, and C.A. 13 flic 
left occipital lobe is larger than the right. In (kA.14 the right is 
the lai-ger. 

The value of the water-displacement volui})es of the casts as 
a control to the figures obtained for the cranial capacities with 
shot was demonstrated on ji. 6. It was shown that the average 
error by shot was 2*2 per cent., the average absolute error being 
7 c.c. Tlie shot-values are generally too high. The average 
volume of the adult casts is 1*19 times the average volume of tbe 
casts belonging to the stages of “ milk dentition ” and ** milk 
dentition plus first molar."’ The volume of the adult cast 
minus the “cerebellar portion” is 1*26 times tlie volume of tln^ 
corresponding part during these early stages. Ilie adult cere- 
bellar portion is 1*6 times the volume of this portion during 
the early stages. It is clear, therefore, that after milk dentition 
a greater amount of gio vvth takes place below than above the 
suhcerebral plane. 

As far as linear dimensions are concerned, Table lY, show*s that 
there is an increase in length of 1*25 cm, after milk dentition. 
The length of the cast of the first molar stage is 0*5 cm, more 
than the average length of the milk-dentition group. The trans- 
verse diameter increases after the early stages 0*5 cm. in the 
female and 0*8 cm. in the male. 

The height-measurements are interesting; they demonstrate 
growth after milk dentition in the total height of the endo- 
cranium, but not in the height above the subeerebral plane. 
Thus the basi-bregmatic diameter increases after the two early 
stages, 1 cm, in the male and slightly less in the female ; whereas 
no growth in the height above the aubcerebral plane occurs after 
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milk dentition. The same conclusion was reached in considering 
the external basi- bregmatic and auriculod^reginatic diameter. 

The height from the lower surface of the temporal lol.es to the 
vertex iiun eases in })otii sexes about 05 cm. after the first 
molar erupts. Tlie width of the cerebellum increases by a])Out 
()’5-0’H cm. 

During milk dentition, before the mastoiil region develops, the 
cephalic indices, exocranial and ondocranial, are alike. The exo- 
cranial index varies, of course, with the develo])ment of the 
mastoid and occipital i'egions, but there is no 'djange during 
growth in the index encephalicus (Bolk, 1925; Harris, 1926), 
whicl) varies in all stages irom 79-87. It is ijiteresting to note 
that tlie most brachyceplmlic ( index eTicephalicus) of tlie twelve 
skulls occurs among the three of milk dentition, and the least 
brach\ cephalic is the adult female. 

Text-fig. 3 u. has been constructed }>y superimjmsing outline 
drawings of tlie noi-ma verticalis of four casts— an adult of each 
sex, one from the three of milk dentition, ami the sole repre- 
sentative of the i-esting stage after the eriii)tion of the first molar. 
'I'he casts clioson were those wliosf' volumes were nearest the 
average capacity of their gnuips. 

In tiixtdig. 5 6 the same casts are used and profile drawings 
ar(' superimjKJsed, using the hasion as a fixed point and letting 
tlu‘ points ^vhere the temporal lobe meets the orbital surface in 
j>rofile fall on the same line. 

(teneral Stnnmimj-ttp of the Groirth of the Endocranial 
< 

Tile capacity of tiie skull in the male during milk dentition is 
80 per cent., ami during the resting stage following the eruption 
of the first molar 90 per cent., of the #ululi capacity, in the 
female these two values are 85 and 95 per cent, respectively. 

Hexual diflerentiation comuuuices to manifest itself markedly 
after the eru])tion ot tlie first molar, and in adults the aveiage 
female capacity is 91 per cent, of the average male. 

There is evidence for continuation of growth into the resting 
stage preceding the eruption of the third molar. The growth in 
the endocranial cavity manifests itself in all directions, but more 
particularly below the 8ubcei*ebml plane. 

G. EunmoN of the Teeth. 

Broderip was the first to I’ecord the age of a Chimpanzee 
(1835). He writes of an animal, said to be one year old, living 
at the Zoological Society's Gardens, in which all the deciduous 
teeth had erupted. Ehlers (1881) gives a ixicord of a Chimpanzee 
whose teeth were erupting between the ages of six and twelve. 
The greater part of the known data in regard to tooth-eruption 
has been collected by Sir Arthur Keith. In 1895 he gave the 
ages of five animals, but recorded the stage of dentition in only 
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ope, Hally, mentioned again in 1899, This animal died when ten 
years old, and her canines and second and third molars had not 
then erupted, Johanna, another ape mentioned in 1899, had 
lived twelve years in captivity, and at the end of this period her 
third molars hud not completely cut the gums. It is stated, on 
the strength of an ohservntion of her keepers, that six years 
before thi> she possesseil lier first permanent molars and all her 
incisors. Sir Arthur very kimlly placed at rny disposal a com- 
parative table of tooth -eruption which he drew up about twenty- 
live yoais ago. In this the milk teeth are said to erupt before 
the middle of the second year. The ]>eriod of eruption of the 
]>ermanent teeth is placed at from four to twelve years in the 
(Jhimpanzee, five to thirteen years in the Orang, and six to 
twenty -one in Man. 

\erkes (192»5) writes of the Chimpanzee as follows: — *‘Milk 
teeth begin to appear in the first or second month, and before the 
end of the first year all have been acquired. It is Madame 
Abreirs belief, based on repeated observation, that the Chimpanzee 
usually begins to lose its milk teeth in the tilth and sixth years, 
and tluit these are replaced by permanent teeth by the age of 
seven or eight. The change, she says, is very rapid, occupying 
onl> a few weeks, or at most a few months.^^ 

''i'he<.e observations of Matlame Abreu are in such contradiction 
to all others, including those 1 have recently made at the 
Zoological Gardens, that they will not be considered here. But 
one or two remarks in Verkess book vvith regard to Chimpanzee 
age are of interest. He states that most Chimpanzees exported 
from Africa are move than two years old, and the majority are 
from three to five He also considers that the Chimjjanzee 
probably lives as long as Man, and that its life-stages are very 
little different, excej»t that puberty is reached some tw^o or three 
years earlier. Madame Abreu made some interesting observations 
regardijjg the weaning and menstruation of animals born on her 
estate. Slie noted that the Chimpanzee is weaned at nineteen 
months, and that menstruation commences between eight and 
ten years of age. ^Vitli regard to the latter, her evidence is 
substantiated by Elders. 

My own observati(>ns were made on the five Chimpanzees now 
living at the Zoological Bociety’s Gardens. One of these, a 
female named Boo-Boo (donated August 27th, 1927), is a new- 
comer from the Gold Coast. When examined on September 
28th, 1927, she was found to possess a complete temporaiy set of 
teeth, and, in addition, the first permanent molars fully erupted 
in the lower jaw and almost through in the upper. Of the 
others, Jimmy, « male from West Africa, has been in the Gardens 
since December 14th, 1923— almost four years. When examined 
in November, 1926, he was in possession of a complete temporary 
set of teefcb plus the first permanent molars w^hich had just cut. 
Wiven examined on Beptember 2Bth, 1927, no alteration in his 
dentition was found to have occurred in the intervening ten 
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months. Jack, a male from the Gold Coast, has been in the 
Gardens since July 25th, 1926. In November, 1926, his mouth 
was examined, and he was found to possess the first permanent 
molars, upper and lower permanent central incisors, lower lateral 
permanent incisors erupting, with, in addition, the milk canines 
and one milk molar. 1 examined him a second time, on September 
28th, 1927. In the intervening period of ten months the nnlk 
molar had fallen out. the lower lateral inciNors had fully erupted, 
and both premolars in the right upper jaw had erupted. Other 
preniolnrs were just commencing to erupt. Peculiarly enough, 
the upper lateial incisors had not yet erupted. Such an 
irregularity iu dentition did not occur in any of the Cliimpanzee 
skulls J examined, and J have not seen it recorded in the 
anthropoid literature 

The fourtJi animal is (Jlaronce, a male from the Belgian Congo, 
who arrived at tlie (wardens on March 2nd, 1926. The liead of 
this animal, as well as that of the next, has been X-rayed on 
three occasions for Dr. John J^eattie, until recently Ariatomi.st to 
the Zoological Society, by Mr. F. Melville, radiographer at 
University College. These radiograms were taken at six months’ 
intervals, commencing on the 3()th 1926. 

In tlie first picture it is seen that Clarence has a complete 
temporary set of teeth. I’he roots of the first permanent molars 
are not calcified, though the alveolar margin ha.s been absoi bed, 

^ Th(* order of appoaraiict* of the teeth in the Chinipnnzec, judgin^r from the 
series of skulls examined, Jh as follows: — (1) Fii'st |K>nnuiient molars. i(2) Medial 
incisors. (3) Lateral incisors. (4) Second molars. (6) First premolars. ^0) Second 
premolars. (7) Canines. (8) Third tnolar.s. Seleiika, from his series, deterniiiiod 
the same sequence, with the one exception that the lower second molar erupted liefore 
the lateral iiicisor. The skull on which he based this statement must have been 
irregular in the order of apjiearance ot its teeth, just as Jack’s, to my mind, is 
abnormal. In both Jack and Sally the premolars erupted previous to tho eruption 
of the second molars. 

8uch irregularities in the secpience of eruption (though seldom recorded in the 
literature’! are common iu Man. The usual order differs from the Chimpanaeo’s in 
that the iireiriolars and canines erupt before the second molars. In Toraes’s * Dental 
Anatomy ’(1923) it is mentioned that certain authors consider that the canines erupt 
before the second premolars. 

The times ot eruption as recorded in text*hooks vary greatly. The tendency in 
some works is to extend tho jieriod of eruption, Tbua, in Quain’s ‘Anatomy,* the 
second jireniolars are said to erupt at twelve years, whereas in others (Cunningham, 
Gray, Morris, Piersol, etc.) the second premolar is said to erupt at ten, Monis gives 
both premolars erupting together between the ages of nine and ten, while Liv\‘ 
(quoted by Piersol) found in the majority of children he examined that the lateral 
incisor.s and both preniolars erupted in the tenth year. 

I have examined the mouths of fifty-three children between the ages of five and 
nine. Surprising irregularities in the sequence of eruption were encountered. In 
five the medial incisors were erupting before all tho first permanent molars had 
appeared. One child, aged 7 7/12 years, showed a stage ot dentition almost similar 
to that of the Chimpanzee, Jack. The first permanent molars were fully erupted. 
All four lower and the upper medial incisors were through, while both tipper left 
premolers had erupted ; the first upper right premolar was just cutting the gum. 

The times of appearance of the teeth were, if anything, early. In all but one of 
eighteen children older than seven, the first permanent mdars were in place; in tl|e 
one exception, a child ageii 7 2/12 jeavs, only two had erupted. In seven of sixteen 
children younger than six, first pennanent molars had erupted. Premolars had 
erupted in four of five children older than eight, and in one child younger than 

ight. 



age-i'hanoks in tub cijimpanzbe. 


25 


and the cjowns of tlie teeth «re level with the alveolar margin ; 
calcificjition is present in a,ll the permanent teeth except the third 
molar, but only very slightly in the second molar and canines. 
In the second radiogram the first permanent molar has fully 
erupted, in the third the condition is the same, except that the 
dental sac of the third molar is visible : calcihcation lias proceeded 
fairly rapidly in tli<» other teeth. When the animal itself was 
examined in November, ll)2G, the first molars were cutting the 
gums. Since then no change in his mouth has occurred. 

Bi-Bi, the last animal, is a female from Nigeria, who came to 
the (gardens on Ajiril 21st, 11)20. Previous to that she had been 
the donor's pet for one year. The first radiogram of this 
(Jhinipanzee, taken on the 30th May, 1920. is practically identical 
with the first one of Ciaren<*,e, except that there is no absorption 
of hone over the first [)ennanent molar. The pictuie taken six 
months later shows this in progress, and corresponds more closely 
with the first, one taken of Clarence. The roots of the first molar 
have not yet calcified. The ])icture taken cailyiii June, 1927, 
shows the crowns of the first molars above the alveol.ar margin, 
those of the lower jaw in advance of tliose of the U{)per. 
Calcification lais proceetled apace in the other teetli, but theio 
is no sign <»f the third molar. When the animal itself was 
examined in November, 1920, she was fouml to possess a com}>lete 
teiniK>iary set of teeth. Wl>en examined September, 1927, 
the fh*st permanent molars were found to he through in the 
lower jaw ami just commencing to cut the gums in the np}>er 
jaw. 

An analysis of these facts, as 1 shall proceed to show', has led 
to the interesting conclusion that the period of eni[)tion of the 
])ermanent teeth in the (ddmpanzee is practically the same f»s in 
Man. We may he perfectly certain that the age of an animal 
like the Cliimpanzee is not likely to he over-estimated ; the 
danger lies in under-estimation. Sallt/'s (1895) aye at deaths 
conipateAl from her years of capth'iiy^ was ten ; which means that 
slie could not have been youngerthnn tein Her stage of dentition 
corresponds n'ith that of a ch ild of ten. 

Johanna supplies ratlier doubtful infoimation. »Six years 
previous to the eruption of her tlvird molais her kee]'er had 
noticed her permanent incisors, hut he di<l not note lier other 
teeth. It is quite likely that lier })remolar8 and second molars 
ha<l erupted ; if tliey had not, then the peritid of eruption of 
tliese teetti and canines would have been surprisingly short com- 
pared with the resting stage following the eruption of the first 
molsr. Granting the animal two yeai*s of freedom before she 
entered on her life of captivity (the low' limit set by Yerkes), 
her third molars then erupted at the age of fourteen. For 
various reasons mentioned below I consider this a very low 
estimate, 

Jimmy, after he had been three years at the Zoological Gardens, 
out his first permanent molars. If, again, w^e accept Yerkes’s 
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estimate that apes brought from Africa are moi’e than two years 
ol(i then Jimmy cut his first molars at the age of five or six, 
which is the age at which this tooth erupts in a child. 

The eruption of the teeth is not a continuous process, but it 
is interrupted l)y resting stages. In the Human an interval of 
four years follows the eruption of the milk teeth, after wliich 
approximately one year intervenes between the eruption of the 
various teeth, until another long interval of at least five years 
separates tlie tliird molar from the socorid molar and canines. 
Two resting stages have been observ^ed in the Chimpanzee. Since 
the eruption of Jimmy's first molar, a year ago, no change has 
taken place in his dentition. Clarence cut his first molars about a 
year ago, and he, too, does not appear to he in imminent danger of 
losing his milk incisors. This stage occupies a year in Man t. 

I'ke change which Jms taken place in Jack's mouth during the 
obseri'^ed period of ten months is no more than has occurred in a 
similar period in a child now aged 7 7/12 months (see footnote to 
p. 24). The sequence of eruption in this child was abnormal, 
but a simdar change could have occurred in any child during any 
period of ten months between the ages of eight and ten. Haily 
(18^5) died at tea years of age with no more than the first 
molars, incisors, and premolars of the permanent dentition 

^ The fact that Madam Abrou had noted that Chimpanzees are weaned at nineteen 
inontho lends colour to this view. It is very doubtful if an unweaned Chimpanzee 
could he trai:si»<irted alive tiom Tropical Africa into the rigours of a Northern 
climate. The keepers at the Zoological Gardens have in fonned me that they hav e 
never had to exorcisi* any special care with the diet of the younger and smaller 
amiimls, such as would bo expected if they were unweuned. 

t An cxammation of thirty radiograms of the heads of children taken about the 
time the first molar erupts has convinced me that the speed of eruption is no 
greater in Man than it is in the Chimpanzee. These children were all hospital 
patients. In only one were radiograms taken at six successive intervals between the 
ages of 5 1T.3 and 6 1/12 years; as in the Chimpanzee, the interval between the 
api»earunce of the tooth at the alveolar margin and when fully in place was about 
six months. 

The five C/himpanzees at the Zoological Society’s Gardens were re-examineil on 
the 25th October, 1927, No apparent change has taken place in the mouths of 
Boo-Hoo, Bee-Bee, and Clarence during the previous mouth. Jimmy’s medial 
incisors were very loose ; this may be due in part to the severe pyorrhena and gum 
recession from which he, in common with almost all tlie others, suffers, but the 
physical signs indicated that his permanent central incisors would cut shortly. 
Daring the previous month the crowns of Jack’s right lower second pwmolar and 
left upper first premolar have pierced the gums. 

Clarence diwi in December, 1927. Unfortunately, I have not, as yet, had an 
opportunity of examining his remains. An examination of the other Chimpanzees 
on the 6th February, 1928, revealed the following No apparent change hud 
occurred in Bee-Bee or Boo-Boo. Jimmy’s pemanent lower median incisors W4*re 
appearing through the gum, though his milk incisors had hot fallen out. The 
duration of the I'esting stage following the eruption of the first molar was in his 
case, therefore, fourteen months. In Jack, all the right premolars were in place. 
The lower left premolars, the upper lateral incisors, and the lower left second niolar 
were just appearing^ through the gum. The upper left premolars were not quite in 
place. Another animal, a female named Sally, was examined for the timt time on 
this date. She had been thi'ee j^ears in theGaMens, and was said to have been seven 
years old on arrival. She commenced menstruating at eight ; she was found to 
have all her first molars, incisors, and premolars. Hat lower second molars were in 
place, her upper seconds had just pierc^ the gum, For ten years of age, she was 
therefore slightly in advance of the Sally mentioned by Sir Arthur Keith in 1895. 
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erupted. J iidging, therefore, from her, the premolarh erupt at 
nine or ten years oi age. The Sally (1928) mentioned in tlie 
footnote on page 2(1 was also about this age when her premolars 
appeared. The lateral incisors, accordingly, erupt about eiglit or 
nine. When Johannas (1895) teeth were first noted, all her 
incisors were in place. She must have been, thei*efore, iit least 
nine years of age. Six years after this, that is when she was 
lifteeu years ohl, her third molars erupted. 

There is certaijdy no functional need for an early appearance of 
the third molar in the Chimpanzee. It has long been recognized 
tbst the Oiiimpanzee dentition resembles the human more tiian it 
does that of any ape, and that the third molar is degenerate. 
Indeed, in one fully adult male skull, 11 17, d'ahle 1. part 3, in 
which all the sutures weie occluded, they had not erupre<l, and 
there was no sign of them. In addition, the condition of the 
tlurd molar, as 1 have pointed out, induences the general 
growth of tile skull, and this intlnence is shown in the lack of 
overgrowth of hone lor muscular attachment, sucli as occurs 
in tlie cranium of the (ioriila after the eruption of the canines 
and third molars'*^. 

riie fact that the number of skulls in our collection with only 
the third molar unerupted (9) is larger than the number for all 
the intermediate stages together (7), is also suggestive of a 
lengthy period between the eruption of the canines and the third 
molars. Jn any large collection of mimatme skulls tlie number 
found at each stage will depend upon the duration of that stage 
and u|K)n the deatli-iate, granted that the birth-rnUi remains 
steady. Thus in I^lan, assuming the ileath-rate dining milk 
dentition to be the same as in the perioil when tlie first permanent 
molar alone has erupted, one wouUl expect to lind — since the 
former period is four times as long as the latter — four times as 
many skulls of milk dentition as skulls with the first permanent 
molar alone eruptetl. Jn our collection of Chimpanzee skulls, 
accumulations occur at three stages : twelve of milk dentition ; 
twelve with the first molar erupted ; and nine with the third 
molar iinerupted. A fair proportion of the skulls of the tw^o 
earlier stages are the remains of Zoological Gardens specimens, 
among whom the infant death-iiile is higli. Practically jill the 
adult and subadult specimens were collected in Africa, and in 
these the death-rate is never so high as in the very early stages. 
The presence in our series, then, of more of these suhadults than 
of specimens of all the intermediate stages together indicates 
that, whether their deaths were natural, or due to human 
intervention, there were more of tliem roaming about. If the 
same proportions were maintained in 1 GO instead of 10 skulls, 
one could emphatically state that the last re.sting stage in tlie 

• In the Gorilla the functional need for the third molar i» evidenced by the fact 
that it goueralfy erupts before the canines. In primitive peoples, too, the third 
molar is know'll to erupt earl5\ Profwaor 0. Kiliot Smith ha« informed nic that 
he haa «eea Copts in l%ypt of fifteen yeara of age arith erupted third molai*^. 
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eruption of tiie teeth occupied as much time as did the eruption 
of all the other permanent teeth — a state of aHairs which 
prevails in Man. Unfortunately, the series consist of 16, and 
not 160 specimens, and 1 can only claim that these results 
suggest a longer duration for this than for the earlier stages. 

I'he Zoological Gardens specimens, amongst whom, as 1 have 
remarked, the infant death-rate is high, form a large proportion of 
the accumulation of the Milk Dentition and First Molar stage ; 
and this is probably the reason for the relatively large number of 
specimens of this stige. The period of repose following this 
eruption may, however, be longer than is suspected. There is 
dehnite evidence for a. year; the more exact duration will be 
settled as soon as the Zoological Gardens apes at this stage shed 
their incisors. (See footnote, p. 26.) 

The calcilication of the permanent teeth occurs at the same 
relative times as in Man. In Man, calcidcation of the second 
molar commences at five. In the radiogram of Bi-Bi. taken 
twelve months before the eruption of her first molar, it is seen 
that calcification of tlie second is just commencing. Calcification 
of the tliird molar commences in Man at nine > ears. In the last 
radiogram taken of Clarence, about seven nionths after tlie 
eruption of the first permanent molar, there is no sign of calcifica- 
tion, though a dental sac is just visible. As in Man, calcilication 
in all the other permanent teeth is apparent a year before the 
eruption of the first molar. 

My conclusions are, therefore, that all the available data 
indicate that the duration of the Chimpanzee stages of tooth- 
ei*uption are the same as in Man. The first 2 )ermanent molar 
erupts between five and six, ami tlie last molar does not erupt 
before fifteen, probably later. The other teeth eru}>t at ju^acti- 
cally the same time us in Man, with tlie exception of the 
second molai*, which appears early — as far as is known, always 
before the canine, and either before or after the premolars. 

7. Endocraxial Volume and Brain Volume. 

Keith (1895) states that “ owing to the paucity of observations 
on the brains of anthropoids, one is compelled to utilise their cranial 
CJtpacities as a basis from which to calculate their brain- weights. 
“ ill Maii,’^ he goes on to say, *• brain-weight, stated in grammes, 
is, on the average, equal to 87 per cent, of cranial capacity 

stated in cubic centimetres ; the curious fact is evidenced 

in the antliropoids that the brain-weight sta.ted in grammes 
exceeds the craidnl capacity ex'pi*essed in cubic centimetres. 
Symington found that the cranial capacity of a female Chim- 
panzee measured 360 c.c., while its brain weighed 1168 gms. This 
observation is independently substantiated by Milne-Kdwards, 
recording in the ‘Oomptes Bendus de rAcademie de Sciences’ 
that he found the brain of a maleOrang to weigh 400 gms., Mobile 
its cranial capacity amounted to only 386 there ie no 
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groat risk of error iti using the cranial capacities of anthropoids 
as directly indicative of their brain-weights.’' 

Apart from the fact that records of bra in- weight are scanty, 
one should remember that the estimates a)*e usually marie umler 
such varied conditions that the results are rarely comparable. 
This applies particularly to the ant.hro[)oids, where no one 
observer has measured more than about, six brains, and wliere 
some of the records are those of brains which had been preservetl 
in alcolioi, formalin, or saline. The latter records are of little 
value, as the gain or lo««s in weight of a brain immersed in these 
fliii<ls depends on numerous factors not completely understood, 
and in no two cases is the loss or gain tlie same. 

There are several possilde sources of error, even when the 
brains are weighed sliortly after removal from the skull. The 
chief isprol)ably the loss ot weight which occurs due to drainage of 
the ceiehrospinal ilui<l when the brain is left for longer or shoi ter 
intervals after removal. Although tlie extent of tin's loss has 
been accurately <leteriiiine<l ( Pilister, 1807), it is but rarely taken 
into account. Again, sometimes the ])rain is weig:he<l with all 
its membranes, sometimes without. And, finally, Alatiegka 
(11*02) lias sliown that the condition of the blood-vessels — dilated 
with blood or constricted according to the cause and manner of 
deatli — lias a marked influence on brain- w eight. 

Owing to the absence of reliable data, therefore, it becomes 
necessary to ascertain variations in brain volume from tlie 
variations in endocTanial volume. Ibit it has first to be sliown 
that there is a definite relation between the two. 

As the function tif the cranium is primarily that of a. brain- 
case, it would bo expected that the eudocraniiim expands to 
accommodate an increase in the size of its contents— nervous 
tissue proper, the membranes, c€*rebrospinal fluid, and blood- 
vessels. The development of the last tliree has been sliowu to 
be dependent on the ilevelopment of the brain. We should 
exj>ect, therefore, that when brain-growth ceases there is no 
further change in the size of the endoernnium. This has been 
proved by PfSster (1902), who showed that there was parallel 
growth in brain and endocraninl volume. 

Wingate Todd (1923) remarks that ‘^the brain volume plus 
the volume of cerebrospinal fluid repre.sents the true maxiimim 

physiological brain volume Of course it is impossible 

to ascertain how fully the brain ever occupies the total possible 
Hpace at its disposal. If it is true that the actual brain volume 
decreases with advancing age, at least after the adult period is 
reached, it may never fill the possible space in any circumstances. 
But the actual volume of the brain determined after death is not 
necessarily more accurate than the maximum possible physio- 
logical volume, as an index of br^ volume during life.” 

Moreover, he has made the valuable discovery that, in Man, 
the amount of decrease in cranial capacity which occurs when a 
skull passes from the ** fresh ” to the ** bone dry ” state is approxi- 
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mately equal to the volume of the dura. It followe, then, that 
the cranial capacity of a drie<l skull is the physiological volume 
of the living brain. There is little doubt that these findings 
would apply also to the anthropoids ; in which case, the values 
obtained for the Chimpanzee’s capacities (Table I.) would be 
the same as the physiological brain volumes, and the conclusions 
I arrived at with regard to the growth in capacity would apply 
equally to growth in physiological brain volume. 

It has been suggested that the cranial capacity in both Man 
and the Anthropoids decreases in the more advanced stages of 
life (Blakemen, 1905; Keith, 1910); but 1 have no evidence for 
such a decrease in the Chimpanzee. Thirty-four skulls of the 
adult male series in Table I, have had their cranial capacities 
estimated, and of these the seventeen older specimens have 
capacities 6 c.c. larger, on the avemge, than the younger seventeen. 
Of the twenty-seven adult females whose cranial capacities were 
measured (Table L), the older thirteen have capacities 5 c.c. 
less, on the average, than the younger thirteen. These results 
are probably due to chance, and one suspects that in a series ten 
times larger the older half would have average cranial capacities 
identical with those of the younger. 

Rudolph (1914) also denies that there is any thickening of 
the vault bones in old age, causing a decrease in cranial capacity 
pari passu with the decrease in brain volume. 

Jiut even if the cranial capacity remains constant after it has 
attained full size, it is nevertheless true that the brain volume 
decreases. Fortunately, a great deal of research has been carried 
out on this subject. 

Donaldson (1895) states that “ the relations of the brains to the 
cranial cavity vary with age, sex, and cause of death. The brain 
appears more nearly to fill the cranial cavity in the young than 
in the adult ; in old age there is an increasing diminution in both 
weight and volume.” 

Rudolph (1914) corroborates this statement. The difference 
between brain volume and the capacity of the fresh skull with 
dura intact is 2| per cent, in new-born children, and in children 
from one week to six years old 3 percent. This amount increases 
until the end of puberty to an average of per cent., varying 
from 5 to 10 per cent. These figures are maintained, be states, 
until middle age — 68 in the male, 58 in the female, and there is no 
sexual difiference. He attributes the observation of Bischoff 
(1880) that the female brain fills the endocranium by 3 to 4 per 
cent, more than the male, to the fact that BischofiT obtained the 
result from observations on too small a series <A skulls. 

Rudolph cannot establish the onset of cerelmal atrophy with 
certainty on account of inadequate data^ but he is certain that 
between middle age and extreme <dd age the jfjer cent* dif- 
ference between brain volume and the miinial capamty with dura 
intact increases to IS per cent. ; L e., m decrease in brain volume 
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of 15*6 per cent, occurs. He points out that tliere are great 
individual difi’erences in tlie time of onset. It must be noted 
that he did not work with the dried skull ; all his results 
apply only to material worked on shortly after death. They can, 
however, be adjusted according to the values for skull shrinkage 
given by Wingate Todd. 

lludolph gives the average dura volume as»50-C0 c.c., or 3jf per 
cent, of tlie capacity of freshly-macerated skull, and he is unable 
to find any sexual or age difference. Larger skulls have a pro- 
portionately larger volume of dura. The CHj)acity of the sinuses 
is about 50- GO c.c. He giv€*s three very interesting observations 
on dogs, amongst whom brain volume varies fi om 70-90 c.c. The 
difference between the brain volume and cranial cavity with the 
dura intact is between 1 and 2 per cent. ; without dm a, about uper 
cent. This indicates that small brains fill the endocranial volume 
at their disjiosal more than do large brains. ] f tlie capacity of the 
fresh human skull with dura intact is reckoned as 100, the capacity 
of the fresh macerated skull (without the dura) is 107. The 
brain volume in adults is 92*5. By multiplying the volume of 
the brain by the specific gravity it is p.xssible to get the brain- 
weight. Thus obtained, bi'ain-weight expressed in grammes is 
10-11 {ler cent, less than the fresh cranial capacity expressed in 
cubic centiineti es, 

Boikos material (1904) imlicated that the specific gravity of the 
brain varies with age. In the newly-born it is under 1*0"30, and 
it reaches the average adult figure 1 *034 when about six months 
old. There is no sexual variation, but it varies with the cause of 
death. 

Kudolph criticised Bolk’s work on the relation of brain volume 
to cranial capacity on the grounds that, firstly, the brains were 
measured three days after death, during which time they had 
swelled by absorption of water; and, secondly, bis skulls were 
measured when they were neither completely dried nor in a fresh 
wet state. Bolk's results are, nevertheless, interesting. The 
smaller the brain the nearer is its volume to the cranial capacity. 
The percentage relationship varies between 97 and 81. Until 
the fiftieth year in the male it keeps above 93 j>er cent. ; after 
that it falls fairly rapidly, and between 80 and 90 is as low as 
86 per cent. Senile atrophy commences at the same time in both 
eexea. 

Pffister (1903), workingon infants and children, concluded that 
the dura reaches adult proportions about the third year. He 
ostimated that the volume of the freshly-macerated skull (ap- 
par^tly in the same condition as Rudolph’s) could be obtain^ 
from the volume with dura intact by adding 6^-7 per cent. 
This is the same value that Rudolph estimated. 

Estimations of the date of onset of cerebral atrophy in Man 
vary from author to authon Matiegka (1902) places it about 
ainty in the male and fifty in the female. According to 
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Marchand’s (1902) numerous data, the commencement of dimi- 
nution in volume occurs at eiglity in the male and seventy in tlie 
female. 

Ilaymond Pearl (1905) believes that “there is a steady decline 
in the weight of the brain with advancing age, beginningat about 
the twentieth year and continuing throughout adult iife.^' In 
arriving at this conclusion he used the figures provided by 
Marchand, Bischoff, lletzi\is, and iVlatiegka. Cerebral atrophy 
begins, according to Donaldson (1895), at fifty-five in the male 
and forty-five in the female. He states that the actual date of 
onset varies a gieat deal from individual to individual. Hand- 
maiin (1906) jfiacea it at sixty, while in Pape and Kopelsky’.s 
tables (1926) diminution in biain-weight begins at fifty. As 
one reason for this statistical phenomenon, the latter authors 
suggest that since so many people with heavy brains die young, 
cerebral atrophy is generally exaggerated. 

If no diminution in cranial capacity occurs, compensating 
changes must take place in the volume of dura, in other mem- 
branes, or in the volume of cerebrospinal fluid to make u[) for 
this loss in volume of the bi*ain. 

Wingate Todd (1923) writes : “ By comparing Pflister’s flgnres 
for dura volume in the child with our own, it is apparent tliat 
there is little or no increase in dura in volume after infancy ; .... 
age, at least in adult life, Ims no bearing on the dura volume. 
Sex and stock have no influence either.” These observations are 
followed up in 1923 with further work on the dura, in which he 
was able to show that there is “ a small increase in dura volume 
with advancing age, and also that there is a small proportional 
increase corresponding to size of cranium.” 

Anderson (1910) found that the dura volume remains constant, 
occupying 4*5-5 per cent, of the cranial cavity. Wingate To<ld 
(1923) accounts for this discrepancy between his results and 
Anderson’s as probably due to weakness in technique on the 
latter’s part. But Anderson’s statement, “It is also apparent 
that the fluid varies inversely with the brain volume, and it 
would appear as if the dinunution of the brain volume is com- 
pensated by an increased amount of cerebrospinal fluid,” is tlie 
first definite reference 1 have found to a compensatory process 
which to-day is recognized as the reaction of all the skull-contents 
to shrinkage in brain volume. There is no necessity for postu- 
lating a decrease in the cranial capacity in adult age. This has 
been proved by Stillman (1911), who made a thor*ough study of 
pial and cerebral mdema in a very large number of cases. From an 
examination of the literature and of nis own data, he comes to the 
conclusion that the onset of brain atrophy varies from individual 
to individual, and that the varied times of onset mentioned in the 
literature are due to this. But, whatever the time of onset, “ the 
collection of fl^uid inthepia mater is a pai^hologioal process, 

but in every instance represents the remprooal of brain shrinkage.” 
Thickening of the pia as age advanced vms first noted, however, 
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by Broca (quoted by Topinaiti), who also made out a sexual difter- 
ence. 8o, too, Greenfield and Carmichnel ( U)::5) give one of the 
functions of tlie cerebrospinal fluid as filling up the cranial 
cavity when the bulk of the brain shrinks from disease or 
senility.” 

It is thoroughly established, then, that, in Man, the endocranial 
cavity continues to increase as long as the brain increases. When, 
however, brain atrophy sets in, compensatory increase in volume 
occurs in the membranes and cerebrospinal fluid, and there i&, 
therefore, no need assume any decrease in cranial capacity. 

We have no evidence of ceiebral atrophy in the Chimpanzee, 
but if it does occur, the absence of decreased capacity in aged 
skulls suggests that the same process operates as in Man. 

8. The Contiiast between Human and Anthkopoid 
Hkain-geowth. 

At this stage it would b<* interesting to discover whether the 
ape’s brain difl'ei's much in its growth from the liurnan. Althougli 
there are numerous data regarding the lattiT in tlie literature, 
there tire unfortunately few series of figures which provide 
brain -weights for both adults aii<l children. 

It has always been recognized that the greater part of brain- 
growth occurs early in life. According to Pflister, u third of 
the total growth is achieved by the end of eight months, and 
the second third by the end of two and a half years ; the final 
third is added very gradually, cessation of growth occurring at 
about twenty years of age. Marchand’s results were similar. 
The brain doubles in weight in nine months, and is trebled 
at tile end of the thini year. From that point, growtli is 
very slow, cessation occurring in about the tw-enty-first year ; 
the increase in the female is less than in the male. The average 
brain- weights of new-born chihlren. in Marchand’s series, were 
371 gms. for the male and 361 gins* for the female. Pflister 
does not give average weights for new-born infants. 

The cessation of growth may occur at any time until twenty - 
one, the age at which the third molar generally erupts, if it 
erupts at all. Though this is the general conclusion, there are 
some who would extend this period further. Sims, quoted by 
Marchand, would go as far as the forties : this is an extreme view, 
however. Bisohofl’ (1880) extends the limit well into the 
twenties; while Venn (1890) and Gtilton (1890) consider that 
the Wds of University men continue to grow after twenty. 

Donaldson, from a consideration of Vierodt’s figures, comes to 
the conclusion that by the seventh year the encephalon has 
reached approximately its full weight. In Vierodt’s series the 
maximum weight is reached between the ages of thirteen and 
fift^n in both sexes ; but such a result is not the rule. 

If the adult C^iinpansee ^psnity is reckoned as 100, then the 
oa|acity duriiif milk dentition in tlie male is 80, in the female 
JPnoo. SO0« — 1928, No* HI, 3 
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85. Tiie capacity in the resting atage after the eruption of the 
first molar is 90 in the male, 95 in the female. 

Below are similar estimations for Man from the brain-weight 
data in the literature. The four yeai's between the second and 
sixth birthdjws were considered to represent milk dentition, and 
the year between the sixth and seventh the first molar stage. 


Obst^rver. 

Milk Dentition. 

First Molar. 






Poyd (Marchand) 

80 

85 

— 

— 

Marchand * 

89 

90 

100 

300 

Handmann 

88 

90 

98 

100 

Vierodt (Donaldson) .... 

89 

91 

96 

100 


The values for the seventh year are surprisingly high in view 
of the fact that both liandmann and Marchand estimate that 
brain-growth does not cease until the twentieth year. Boyd^s 
data alone provides percentages for the early stages similar to 
those I found in the Chimpanzee. It appears as though the 
results drawn from our study of the cranial capacity have 
flattered the Chimpanzee with regard to the amount of brain- 
growth that occurs after milk dentition. At the same lime it 
must be remembered that the results obtained by this treat- 
ment of the Human brain-weight figures do not correspond to 
the conclusions of their I’espective authors. 

Haudmann, for instance, finds the new-born brain-weight to 
be 400 gms. iu the male. According to his conclusions, this, by 
the fourth to the sixth year, will increase to 1200 gms. 'J'he 
adult weight is 1370 gms., so that 170 gms. are still to be added 
after the eruption of the first njolar. Nevertheless, the average 
weight for the seventh year in his series is the same as the 
average adult weight. It appears, therefore, that the high 
results for this year are chance ones, due to the fact that 
rather higher weights than normal cropped up in the tables, 
in which data for the seventh year form a very small proportion. 

Marchand, Handinann, and Yierodt, however, arrive at 
remarkably similar values for the proportions of the brain- 
weight during milk dentition to the weight of the adult brain. 
It is due, perhaps, to the fact that all three drew their data ftt)m 
the least-favoured classes of society. 

The later brain-growth in the Obimpanasee occurs chiefly in 
the cerebellum. According to Pffieter, the Human bmin during 
post-natal development increases until it is nearly four times its 
<}riginal size. The cerebellum, however, grows until it is seven 
times its size at birth. The cerebellar growth^ is much more 
rapid than that of the cerebrum» and by tlie end pf the first six 
months one^third of its total growth has occurred. Hie second 
third is added by the end of the second year, while the final third 
is not completed until about the twenty^rc^ year. 

Beicbert found that the proportion pf cerebellum to cerebrum 
is smaller in large brains, wd la^er in small brains. The 
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Chimpanzee brain in this respect may be considered a small 
brain. Whereas the proportion of cerebellum to the whole brain 
is normally about lO-ll per cent, in Man, the few estimations 
that have been made of this ratio in the Chimpanzee (Moller, 
181)1) are in the neiglibourhood of 14 per cent. It may be 
assumed, therefore, that in the Chimpanzee the cerebellum plays 
a greater pin t in influencing total brain-growth than it does in 
Man. 

Accor<ling to Marchand, sexual ditfereutiation in brain- weight 
is well marked in Man at four years. A graph made from 
'Viero<lt’s data (iJonald.son ) shows that there is no sexual 
<lifferentiation until six months, at which age the male brain 
becomes on an average 50 gms. heavier than the female. This 
ditlVaence in brain-weight remains much the sjime until seven 
years, when it increases to about 150 gms. This is maintained 
throiigliout life, excef)t at one period, the fifteenth year, when 
tlie female brain-weight i.s found, statistically, to exceed the 
male. Our series of Ciiitnpanzee skulls did not .show marked 
sexual iliflerentiation until after the eruption of the first molar — 
that is, in the sixth year. 

On the whole a comparison of Human with Anthropoid brain- 
growth is not justified, chiefly because of the small amount of 
Anthropoid data. As far as it is possible to tell, a relatively 
greater amount of growth occnr?^ iii the Anthropoid. But it 
would not he surprising to discover, with more data, that the 
same growth-pro(‘e.sH occurred in each. 

9. The Taun<;s Ape, 

Elliot Smith, in the sc'cond edition of his ^ Essays on the 
Evolution of Man ’(1927), made use of my findings regarding 
the growth of the en«locranial cavity in estimating the possible 
growth in the Taungs ape, 1 shall briefly reconsider the 
problem, since the inclusion of new skulls has altered my average 
values. 

It is the considered opinion of most authorities that Ansir^o- 
piiheciis is a form of apo which fits easily into the Simian 
family, thougli all consider that certain refinements and 
infantile traits elevate it slightly above the other members of its 
family. Dart (1926), Broom (1925), and Sollas (1925) believe 
that a separate family should l)e created between the anthropoid 
apes and FUhecanthropus for its inclusion. 

There is, however, no reason to assume a growth -process 
in the new South Afrimu ape different from that which operates 
in the Chimpanzee. The first permanent molar had just 
appeam} prevfous to its death. Tlie age was therefore estimated 
at four years in view of former theories of anthmpoid growth, 
I have indicated, however, that the available data establish the 
time of eruption of tbe first molar in the Chimpanzee as during 
the sixth or seventh years. It is accepted that times of tooth 

3 * 
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eruption arc the same throughout the anthropoids, Australo- 
pitfiecus must, therefore, have been one to two years older than 
was formerly estimated. 

The endocranial volume, according to Dart, is 520 c.c. He 
allowed for a furtlier exjmnsion of 20 per cent., arriving at an 
adult capacity of 625 c.c. Keith placed the volume at 450 c.c. and 
allowed 15 per cent, for expansion, the adult volume becoming 
520 c.c. My own estimate of the capacity as obtained from a re- 
constructed endocranial cast, presented to University College hy 
Professor Dart, is 500 c.c. By analogy with tlie Chimpanzee, 
subsequent growtli muH vary with sex. The average expansion, 
regardless of sex, after the eruption of the first molar is 8*1 per 
cent. In the male, the average expansion is 1 1 *3 per cent. ; in the 
female, 3 per cent. The final capacities would therefore be : — 
regardless of sex, 540 c.c. ; male, 566 c.c. ; female, 515 c.c. The 
expansion thus allowed, although far smaller than the arbitrary 
estimates of Dart and Keith, is liberal compared witli that wliich 
would occur in a similarly aged human being. Elliot Smith has 
drawn attention to the very small cerebelhnn of the Taungs ape. 
It is here, as he suggested, that most of the later brain-growth 
might have occurred. 

Hrdlicka and Robinson have suggested that the Taungs ape 
was a female. Experience of Chimpanzee skulls of similar age 
leads me to believe that sex cannot be determined in the absence 
of numerous specimens in the same stage of dentition ; even 
then, it cannot be decided with certainty. 

It must, however, be remembered that brain-growth can cea.se 
entirely during milk dentition. In the Chimjau.zee series 
(Table I.), for instance, while the lowest capacities for anim.als of 
the age of the Tauiigs ape are 315 c.c. in a female and 330 c.c. 
in a male, the capacities in certain adults are as low HkS 290 c.c. in 
a female and 325 c.c. in a male. Even if the endocranial volume 
of the Taungs ape were the lowe.«st that an animal of its age and 
kind could have, one would find among a large series of specimens 
capacities as low in the adult. But it is very improbable that, 
uiifstralopithecus does })os8ess the lowest possible cajmeitv for its 
age ; one would therefore except to find even lower capacities 
amongst adults of its kind. 

If we assume that the ci-anial capacity of the Taungs ape is tlm 
lovrest possible at its age, then, Arguing from Chimpanzt>e analogy 
and assuming that it could expand anu reach the adult maximum, 
it would undergo a growth, if male, of 64 pet cent. ; if female, of 
57 per cent. : in the first case its final volume would be 769 c.c. ; 
in the second 785 c.c. But it is obviously ridiculous to extent 
any one skull, in the development following the eruption of the 
first molar, to go through an amount df growth equal to the 
eintire range of capacity from the infant minimum to the adult 
maximum. It i$ certain, therefore, that 78S <s,c. u f^r ab<m the 
tipper Umit of capacity. 

U, on the other hand, we assume ife emniaroapaniW to be 
the largest that an animal of its age and kind could have it 



AGE-CHANG1C8 IN THE CHIMPANZEE. 


37 


would already border on the average capacity for adults. To 
reach the maximum capacity it coul<i coiitimie to grow 27*5 per 
cent, if male. 21 per cent, if female, the final volumes being 
638 c.c. (male) or G03 c.c. (female). 

Arguing, therefore, on Chimpanzee analogy, it would be 
theorHicalli/ possible for the emlocranial volume of an adult 
ALtstr(do}fithecn8 ti) vary fi »)m iimler 500 c.c. to 785 c.c. Had 
ttie particular ape di.scoveretl by Professor Dart lived until it 
was fully adult, it is exti-emely unlikely, however, that its cranial 
capacity would have exceede*d 550 c.c. 

Hagedooni found the cranial capacities in 27 adult male Gorillas 
to vary fnun 450 to 055 c.c., with an average of 550*3 cc. By 
including the data of Selciika and Oppenheim, an unreliable pro- 
ce<bij*e, he raises tlie number of his series to 99^ with capacities 
ranging from 420 to 055 c.c. and an average of 520 c.c. Harris, 
more recently (1927), has shown that the range for the Ilothschild 
series of 34 adidt (lorilla skidls is from 415 to 652 c.c., with 
an a\erage of 490 c.c. The males. 27 in number, range from 
440 to 652 C.C., with an average of 513 c.c., and the female.s, 
1 1 in number, from 415 to 470 c.c., with an average of 442 c.c. 
The hypotliciical adult Taiings n[>e would 6t eiisily into either 
range, for its <‘a.pacity in the region of 550 c.c. leaves a margin 
of over 100 c.c. on eithei* side. 

Dart wi.shes to put the Australopithecoid “ range of brain 
fluctuation within the range for Pitheeanthropids.^^ We have 
estimated an extreme upper limit for cranial capacity in 
A ustralopithtcvs at 785 c.c. This figure is, as we have pointed 
out, ridiculously liigli, while imagination alone can suggest a 
range for Pithecanihropus, If we are to seek parallels to the 
probable a<hilt cranial capacity of Aastralopilhecu^i among the 
other Primates, we have obviously to turn towards the Goidlla. 

As far as the t‘xterior of the cranium is concerned, one 
cannot assume that in its growth wull necessarily 

follow the Chimpanzee. The growth of the exterior of the 
cranium ilepends chiefly u|K)u the form of the adult ja\A’S. 
There can he little doubt that the jaws of the Taungs ape 
are more refined than those of large anthropoids of similar 
age («ee PI. IV,). but it is (|iie.stionable whether this refinement 
would lie carried thi’ongh into adult life. 

Heyon<l their vertical jiosition there is nothing, so far 
discov^ered, in the teeth of Atf^slralopiiJiecua which clifFei*entiates 
them from those of other anthropoids. Broom declares that 
‘‘the small size of the incisors is a human character”; but he 
is not taking into account the fact that Gorilla milk incisors may 
be even smaller than those of the Taungs ape. The Goiulla 
permanent dentition is about twjc^ as massive as a Chimpanzee’s, 
In spite of the fact that it may have smaller milk incisors. Dai’t, 
in hia first description, writes that “ the tips of the canine teeth 
transgress very slightly the general margin of the teeth in 
each jaw% hnt from an examination of the actual 

fossil» considers that “ the milk canines ate distinctly larger 
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juid higher than t.he incisors.” It is unreliable to draw hard- 
and-fast conclusions from Professor J)a,rts excellent plaster 
cast, and therefore it is difficult, in the face of these (jonflicting 
views, to make any statcnuait. 1 may mention, however, th.at in 
the cast the canines in no way diil'er from those of any of 
the young anthropoids. The first permanent molars, too, are 
larger than those of (Jlumpanzees. Keith stales, also fiom an 
examination ot a. cast, that tliey are only slightly smaller than 
tho.s<‘ of the Clorilla. As this statement lias never been (juestioned 
by Dart, I take it that, this is tht‘ condition in the original 
fossil. One can only conclmle, Avith this indication of the 
general size of the peiinanent tlent.ition, that the jaA\s of 
AufttralopU/tf^cus eould not liave been loss massive than those 
of th(‘ ('himpanzee. It must ho reiuomhered, too, that the 
(Jliiinjianzee dentition is deg-enerate, and, owing to t,his, very 
little overgrowth of hone on the cranium follo\\h the eiujition 
of the canines. Jt is doubtful if A ii^^lralopithecns in its 
development would have retained any other infantile eharac?- 
teristie he> ond this. F'or tht‘so reasons J consider it justitiahle 
to make a statement, regariling the external form of the cranium 
of the hypothetical adult Taungs. 

I^lie maximum antero-posterior diameter of Avslr(tloi)Hhvrv» 
is ]27 mm., and the (‘stimated maximum trans\erse width 
95 mm. (llrdliekak Tlie aurieiilo-hregmatic and hasi-l>regmatic 
diameters are, as estimate<l from the cast, 80 and 95 mm. 

1 espectively. Our range of these four diaimTers in Chimpanzees 
of siniihir age are from 111 to 125 mm.. 89 to ‘J7 mm., (55 to 
74 mm., and 80 to 88 mm. respectively. The averages are 
119 inm., 95 mm., 70*5 mm., and 82 mm. Excejit in transverse 
widt/h, the Taungs’ diameters exceed the (tverafje diameters 
for ( Jhinijianzees, lait in no case by a.s much as J cm. The 
Taungs’ measurement, s almost fall within tlu' range of Cliiinpanzee 
variation. Its adult measurements, allowing it average growth, 
would have been as follows : — J^ength 143 mm., transverse 
width (above tlie pr()jections due to the mastoid air-cells) 
101 mm., ])asi-]>regniatic diameter 103 mm., and aiiriculo- 
hregmaiic diameter 80 mm In the total height of the 
cranium .alone do these exceed the known variations in adult 
Chimpanzees. 

10. Summary. 

1. 112 Chim[)anzee skulls were examined; of these 40 were 
subadult. 

2. The average cranial capacity in tlie adult female is 
365 8 C.C., the range being 290-455 c.c. In the male the average 
ca,pacity is 399*5 c.c., with a range of 325 -500 c.c. 

3. 8exual diflerentiation in cranial capacity is not marked 
until after the eruption of the first permanent molar. In the 
adult female, endocranial volume is 91*5 per cent, of the adult 
male. 
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4. Tlie })min may continue to ^rovv until tlie resting stage 
previous to the eruption of the tliird permanent molar. 

T). J)uring milk dentition tlie average capacity of the male 
skull increases to HO per cent., and iluring the resting stage 
folhiiwing the eruption of the first molar to 90 per cent, of 
the n-verage adult ciijiacity. Jn the finnale these two values are 
85 p(U’ cent, and 95 pn* (*ent . respectively. 

t). Accoi-ding to these figures, the amount of growth in the 
cranial cavity after milk <leutition and the eru})tion of the first 
permanent molar is almost twice as much as would occur 
in the human skull — for there during milk ilentition theca]>acity 
is already 90 per tnuU. of the adult capacity. This result may 
he due to tlH‘ jiaiicity of the anthrojioid material. 

7. (irovvth in the eudocranial (*avity manifests itself in all 
directions, hut morii parf,i<*ularly below the suhcerehral plane. 

H. 'riie availahh^ data indicate that the durations of tlie 
Chimpan/.ee tooth stag(»s are practically the siiiie as in Man. 
'riie tirst. permanent molar erupts between fixe and six years, and 
thi^ la.si molar at fifteen, or later. 

9. Th(^ Tanngs ape must liave h(»en in its sixth or seventh 
year. Its la’anial capacity i*- estimated at 500 c,v., and. working 
on the Ivasis of Chimpan/.eo data, its ailult endo(‘ranial volunn*, 
irrosf)(*ctive of sex, would have h(*en 540*5 c.c. if the skull is 
that of a male, the adult volume would have heeu 55()*5 c.c., and 
if II female 5)5 <\c. 

10. possible ci'anial <*apacitv in an adult 

is estimated t.o range from under 500 c.c. to 785 c.c. 'fins 
n[)per limit is. hovv(*v <M*, much t.oo high. It is imjirohahle that 
the n<luit cajiacitv of the .speidmeii fouml vvouhl have exceeded 
550 (’,c. 

11. riio range of cajiacity iii adult male (torillas (Hagedoorn 
and Ham's) is from 415 c.c. to (>55 c.c., which would easily 
include tin* probable capacity ^^>50 c.c.) of the adult of the 
Tanngs’ s[)ecimen. 

12. fhe external m<*a.sur(Muents of length and breadth of the 
cranium of Austi^aloftithecffs fall almost within the range of 
variation of Chimpan/.ee skulls of similar age. The height- 
measurements, on the other hand, are abov*e the maximum of the 
Chimpanzee. 

1 wish to expi‘ftss my indebtedness to Professor H. Elliot 
Smith, of the Institute of Anatomy, University College, for 
his valuable criticism ; to Dr. 11. A. Harris, Assistant- Prof e.ssor 
in the Institute of Anatomy, University College, for his critical 
examination of my data and for liis very helpful advice ; to 
Mr. L. Fatti, University College Hospital, for assisting me 
in the collection of data regarding tooth-eruption in children ; 
and to Mr. Hancock, the technician of the AuatomitJal Mmseum, 
University College, for Ids indipensable assistance in tlie pre- 
paration of tlie eudocranial wists. 
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2. Carcinoma of tlie Tonsil in a C'oinnion Wolf (Canis 
lupuft). Bv Jl. IIakold Sc’ott, M.l)., F.R.( MMjoiidon, 
F.11.8.E., F.Z.S., Milner Uesearch Fellow in Com- 
j)arativc Pathology, London School of Hygiene and 
Tropical jMedicine ; Patliolngist to the* Zoological 
Society of London. 

[Keceived November 14, 1927: Head February 21, 1928.J 
( Plates J.-lll.*) 

No works on veterinary pathology which 1 liave been able 
to consult make any mention of primary malignant disease of 
the tonsils as occurring among domest.icate<l animals, nor can 
1 tind any reference to such as being foinul in captive wild 
animals. Cases ar<‘ by no means frequently encountered even 
in Afan — hence the following is deemed wortliy of record. 

A lemale Wolf, Canis wdiieh bad been in the (hardens 

of the Society since duly 14tlu 1922, was removed to the 
SHnat(»riiim toivaixls the end of April 1927, on account of a 
large discharging wound in ijoiinection with a sw^elling in 
the right side of the neck and throat. The animal appeared to 
be in considerable <Hs(ress and, perhajis pain, ami \vould allow’ 
no one to approach it ; it was, therefore, killed on x\j)ril ,*30th 
and an autopsy was performed imiiUMl lately afteiwvaixls. 

The glands on the right side of the neck w^ere swollen and 
hard, although they contained breaking down necrotic foci, 
and the surrounding muscles and tissues were hard and 
iiitiltraied. There was an ulcer wdth irregular ragged margin, 
the external opening of which measured 8 cm. in length by 
3 cm. in its greatest whlth, and discharged foul blood-tinged 
pus. These enlarged and breaking dowm glands were secondary 
to a growth of the right tonsil. The tonsil itself had 
practically disappeared (PI 1. fig. 1 ), ami its place was occupied 
by a depressed ulcer with an uneven base and a hard, in parts 
fungatiug, growth wdth eroded and everted border. From 
this a sinus extended to the enlarged and necrotizing glands. 
The tonsillar erosion was about tJie si/e of half-a-crown. The 
faucial pillars w^eiv practically uninvolved; the base of the 
tongue wajs free from grow’th, and the left tonsil was quite 
normal. 

The condition, pathologically, w^as a malignant neoplasm pf 
the right tonsil, with secondary invasion of the cervical glands, 
infiltratidn into the surrounding structures, adhesion to the 
overlying cutaneous tissues and breaking down to open externally 
by a ragged ulcer. 

• For explanation of the Plates, see p. 47. 
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Micvo.scopically, the picture presented was luost interesting. 
From the general characters and the widespread infiltration 
of the sfjuamous epithelial cells growth must have originated, 
not in the parenchymatous tissue of the tonsil itself, but 
in its epithelial covering. We see groups and masses of 
epithelial celhs, some in small aggregations, others in large 
strands, penetrating and insinuating themselves into the 
lymphoid tissue of the tonsil (PI. IT. tig. 2). Betw^een the islets 
of the carcinomatous cells there is a fairly well-developed stroma 
and tlie cells in many placas tend to assume an alveolar 
disposition, in others they appear as branching columns. Where 
the fibrous stroma is abundant the enclosed areas of true growth 
show necrosis in varying degree. 

Parts of tlie growth demonstrate very well the polymorphic 
<levelopment of CMrcinomatous cells ami the anaplastic changes 
which are a common feature of many malignant epithelial 
neoplasms. Thus, in places we can almost trace the stages 
of transition from the usual rounded type of s(|uauious cell 
to the (Irawn-ont spindle-cell (PI. If. fig. 3 ife PL III. fig. 4). 
Again, at the periphery of some of the ingrowths of the neoplasm 
the cells are seen to be separated, becoming more loosely disposed, 
periiap.s frayed out, and a picture strongly suggestive of a sar- 
comatous change of stroma, is presented. 

TliC lyiriphoi<l tonsillar I'emnants are, in most areas where 
they are present, easily distinguishable from this loosening 
of carcinomatous cells and polymorphism by the closeness with 
which the glandular lymphoid cells are packed. In some 
situations the advancing clump of epithelial cells is almost 
abruptly surrounded by such masses of small round lymphoid 
cells, which I take to be the normal lymphoid tissue of the 
gland being invaded but not yet replaced by the growth. 

Anaplasia is further evidenced by the defective keratinization 
in considerable areas of the growth, though in other parts this 
is fairly marked and cell-nest formation extensive (PL III. 
figs. 4 & 5). 

Yet one other point of interest is presented- -namely, the 
re-diflerentiation which exists, some of the squamous epithelio- 
matous foci becoming transformed into apparent adenocarCino- 
matous islets. 

Where we know practically nothing of the history, as in 
this cose, owing to the impossibility of examination during 
life, we can only infer that the rate of growth in the original 
site was probably not very rapid ; in some parts the stroma 
is relatively abundant and not very vascular, but, on the other 
hand, only a few giant-cells are met with. There was very 
likely, as is not unusual, different rates of growth in different 
parts of the tumour, for, in contrast with what has just 
mentioned, in other sites the stroma is inuch lass and, moi^over, 
is quite richly cellular. 

Opinions are at variance regarditig the frequency of neeplasms 
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of the tonsils in Man, but, generally speaking, it would appenr 
that tumours of those glands are uncommon. Of the benign 
forms papillomata and fii)rous polyps occur, while both carcino- 
matous and sarcomatous forms of malignant growth are met 
with. According to Kettle, the tonsil is liable to two forms 
of sarcoma — namely, the round-celled and the lymphosarcoma,- - 
while Beattie ami Dickson speak of a lympJiosarcoma and a 
mixed-celled sarcoma. The dubious group, endothelioma, has 
also been described as occurring in the tonsil. 

Witli regard to carcinoma, arising, of corase, in the e]>ithclial 
covering of the gland, the tumour is generally a. squaujous 
epithelioma developing either from the cells of the surface 
or in a tonsillar crypt. Bland-Sntton states that squamous- 
celled cancer arising in the faucial pillars or in the tonsil is 
not uncommon, but Btmttie and Dickson maintain that, though 
the condition does occur, it is nearly alwaj^s a secondaiy 
involvement in the tonsil. In such, the ja'iiiiary site is usually 
the base of the tong^ue or the pillars of the fauces. 

Authorities are, liowever, practically uminimous in noting 
the rapitlity of growtii, tlie early extension to adjacent 
structures, and involvement of the regional lyn phatic glamis. 
in human cas€*s destruction is great and the pillars of the 
fauces and tlie ]>alate are often implicatetl and tiiere is a 
tendency to invasion of the tongue. As regards the exact site 
or source of oi’igin. this is often undetermined ; the epithelioma 
may arise in the po^terior part of the tongue, in tlie pharyngeal 
epithelium, or in that of the tonsil. Jn fact, it may grow in 
any part of the moutli and wdien in the posterior regions 
nearly always invades tVie fauces and the tonsils. In Man the 
course is rapid, death occurs within the year, often in six to 
eight months, the iminediace cause being a septic pncumoni.i, 
a profuse hannorrhage from erosion of a large vessel, or mdema 
of the glottis. 1‘he rate of growth, however, is very variable; 
it has l>een shown to be rapitl in a \vell-developed man of middle 
age, and glands are involved early, whereas in those of advanced 
years it may be remarkably slow. Thus, a case is on record 
of a man of 70 in \vhorn the disease had been present for 
three years; nevertheless, destrnction was not great and the 
glandular involvement was slijght. 

In the vast majority of animals — I speak particularly of wild 
animals, — the age is a matter of conjecture, unless birth has 
taken place during the mother’s captivity. Yet, again, we 
are still quite in the dark as to the correspondence, if any 
exists, between the age of an animal and that of man. Even 
in human oases the age at which the condition has been 
met with varies within very wide limits. L. H. Smith states 
that among his forty cases there were twenty -four lietween .50 
and 60 years of age, the limits being 28 and 82, and the 
aversge 6S yeara^ youngest patient he could trace was only 
18 years old* 
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In wiM animals the rapidity of growth of a neoplasm can only 
be seen in its terminal stages. A tliyroid tumour may, after 
it appears as a definite swelling, rapidly progress in a wild 
animal to a fatal issue, but we do not know liow long it 
had been in existence before it attained a si 2 e sufficiently great 
to attract the attention of those in charge, for it is only 
objective signs of which we can take cognizance. 8o with 
the present case. After n residence in the Gardens of nearly 
live years, a discharging wound was noticed in the neek wliich 
was the result of a secondarily involved broken-down gland 
opening on the surface. How long the growth had been in 
existence prior to this it is impossible to state. The attention 
of the keeper had not been drawn to it from any difficulty in 
the taking of food and there was no noticeable emaciation. 
We can only infer, therefore, that the growth had been of 
rapid evolution. Those observers who luive met with a large 
number of cases in Man have noted the much greater pre- 
ponderance among males. Thus L. H. Smith found that of 
forty cases thirty-six were males, and Wurtz puts the proportion 
of males to females as high as 24 to 1. It is, perhaps, strange 
that the wolf, the subject of this paper, was a female. 

Perusal of the records of human cases supplies a potent 
warning against applying too strictly to animal disease the 
factors which have been deemed causally active in Man. Thus 
Wurtz holds that there is a very definite relation between 
syphilis and carcinoma of the tonsil, and Stuart Low is quoted 
as having noted fifteen cases, all of which 'were syphilitic. 
L. H. Smith states that in 75 per cent, of cases there is a 
})ist/Ory of excessive use of tobacco, a fact remarked also by 
Wurtz. Carious teeth are recorded as being found in 50 per 
cent., as if this were also a factor, together with pyorrluea. 
Such conditions cannot, however, be regarded as an unusual 
concomitant of any disease which occurs in persons averaging 
55 years. The teeth of the wolf in question were remarkably 
sound. Other factors letiologically implicated are the frequent 
Uikiiig of hot food and the habit of eating salt to excess at 
meal-times. The only evidence adduced for the former is 
that carcinoma of the tonsils is common amongst the Chinese, 
where the men partake of their food before the women. It 
may be confidently stated that none of these factors played 
any part in producing the carcinoma of the tonsil in this wolf. 
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EXPLANATION OF THE PLATES. 

Plate I. 

Fig. 1. Photograph showing the normal tonsil on tlie left side, and on the right a 
ragged epithelioma replacing the tonsil and invading the surrounding 
tissues. 


Plate II. 

Fig. 2. Microphotograph of section of grmvth in tonsil showing in tiltrating groups 
ot squamous epithcliomntous cells. To the left and below are remain# of 
tonsillar lymphoid tissue. (X 120.) 

Fig. 3. Portion of the same under higher magnification (X 19(0. Kpitheliomatous 
cells disposed in st i ands and some alvindiu ly ; surrounding yiarts compressed 
and revealing here and there a tendi*iic.\ to sjuudle cell formation, partly, 
perhaps, the cniuiecti\e tissue of the tonsil, partly tiansformed carcino- 
matous elemtMits, 


Plate HI. 

Fig, 4. Section of cervical gland, secondarily invaded (X 120). .Scattered masses of 
epitheliomatous cells with intei«|>erse<i spindle'Celled sarcoma-like trans- 
formation, Hemnants of lymphoid glandular tissue present here and there. 
Foci of keratinization and cell-nest formation seen. 

Fig. 6. Portion of the same under liigher magnification ( X 160) showing the featuies 
described above. 

Fig. 1 was taken from the specimen by Mr. F. Pittock in the laboratory at 
University College, by kind ponnission of Professor J, P. Hill, F . the micro- 
photographs (figs. 2-5) by Mr, F. Mavtin-Duncan, P.R.M.S., F.Z.S. I wish here 
to express my indebtedness to them for their kindness. — H. H. S. 
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l\. On some Points in the Structure of PaUconiscid and 
allied Fisl). By D. M. S. Watson, F.R.S., F.Z.S. 

[Ileceivod November 11, 1927; Kead February 21, 1928.] 

( Text-figures 1-15.) 

In a paper published in 1925 1 was able to add certain facts 
to tlie knowledge of tiie .structure of those early Actinopterygians 
which are included m tlie J^alaaoniscidfc which we owe to 
Traquair, Smitli Woodward, Goodrich, Moodie, and Stensio. 
Since tlien further materials have come into iny possession which 
enable me to clear up certain points which remained obscure in 
our knowledge of the neural cranium and lower jaw, and to add 
some sporadic observations, which indicate how laige are the 
structural variations which may occur within the group. 

Part 1. 

The neural (Taniuui of a Pala3oniscid was first described by 
fcJtensio in the Triassic JUrgeria ; subsequently I was able to 
give a more complete a<jcount in two Coal-Measure forms, neither 
capable of generic itientification. Jn these two animals ossifica- 
tion was so complete that it was impossible to determine the 
individual elements wddch composed them, and a less completely 
ossified specimen of Elonichihys aitkeni was unsatisfactorily 
preserved. 

A specimen of Cosmoptychim striatm preserved in an ironstone 
nodule from the Lower Carboniferous of Wardie beach shows the 
structure well preserved, and as it is of small size is incompletely 
ossified and allows the individual bones to be described. 

The parietals, frontals, supra- and inter- temporals are present, 
naturally articulated but somewhat liattened. The endochondral 
elenients of the skull lie nearly in their natural position, but have 
sunk down so that the actual depth of the whole is considerably 
reduced — in text-figures 1^3 they are placed in what appears to 
be their original relationship. 

The occipital bones are already indistinguishably fused, and 
much of the upper part of the occiput above the foramen magnum 
is lost. The geneml structure is exactly as in the form I have 
already described. The foramen magnum is large and circular, 
the floor of the brain-case being ossified only for a very short 
distance in front of it. The occipital plate is wide, narrowing 
very suddenly at the level of the base of the bmin. There is a 
ptiir of small foramina for occipital nerves (z) passing outward 
and downward to open on the outer surface on that part of 
the exoccipital which projects behind the general level of the 
occiput. 

Paoo. 2 ool. Soc.— 1928, No. IV. 4 
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Text-figure L 

SpOt. Op.Ot. 



Comoptj/cliins ninatus. l^ower Carboniferous, Wanlie Reach. Lateral surface of 
the neural cranium. X 4. The bonaa have been replaced in their oriifinal 
position. 

B.Qc.«Baaioccipitnl. ('.C.ssCarotid foramen. E.Br.A.= F oramen for epibraucbial 
arteries. N.Oc.s^ Foramen for the occipital nerve z. Op.Ot. s=tOpisthotic. 
PAE.Sp.=Pava'>.phenoi(l. PROc.B.PT.e=Proce«sus basipterygoideus. Sp.Ot.** 
Spbenotic. IX.~Foiainon for the glossopbav) ngeus. X.*®Foi*aniou for 
the vagus. 


lext-figure 2. 



Chmoptychim itriatus. Occipital aspect of the neural cranintn, X 4. 
€Air*Ao.*» Aortic canal. FoE.MA&.»Foriimeii m(tgnt»n. NoT.wPit and groove 
for the notochwd. Op.Ot. »OpUibotic. FAB.Sp.«nBtra«pheuoid» ascending 
ramus. Piioc.B.Px.» Processus basipterygoideus. Sp.OT.«<«SplieiiotiCf 
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The anterior face of the occipital plate is completely ossified ; 
it presents a concavity directed outward and forward which 
faces the otic capsule. 

The pit for the notochord extends forward to the extreme 
anterior end of the basiocei[>ital, but in front it is represented 
merely by a groove, the upper part of the basioccipital being 
still cartilaginous. 

'Fhere is an aortic canal which tunnels the basioccipital below 
Text-figure .‘1. 


ProcB.Pt, 

N.VII.R:r. 

c.c. 

E.Br.A. 


Co$mopt^vhiu» striatus, Nt'uml cranium, \fntral view. X 4. 
<,’.C.«»ForHmen for the common carotid. CAN.Ao.*»Aortic canal. 

Foramina for epibranchial aiterie«. N.VII.Pte.= F oramen for the pretre- 
matic branch of the facialis. Not. ^ Notochord. Or.OT.aeOpisthotic. 
PEOC.B.Px.«Procos*iui basipteryffoideus. IX.^Ulossopharyiiifoal foramen. 
X.«*V«gal fortuiien. 

the notochord, and splits anteriorly to open by a pair of widely- 
separated comtnon carotid foramina. A small posterior and 
lai’ger anterior pair of foramina for the entrance of epibittnchial 
arteries enter the aortic canal. 

The basisphenold is incompletely ossified ; it consists of a small 
mass of bwe lyii^g tightly attached to the upper surface of the 
parasphenoid« Anteriorly it forms part of the incomplete 

4 * 
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iuterorbital septum, whose hinder border is continuous with a 
transverse plate of bone \vhich turns forward as it rises in the 
skull. Yentrall}^ the outer margins of this bony plate are 
produced into long basipterygoid processes, winch bear a de}»ressed 
area for articulation with the palato-quadrate on the upper and 
anterior faces. The root of each Imsipterygoid [)roce8S is per- 
forated by a foramen which leads into a c*ina I, running backward, 
upward, and oiitward in the basisphenoid until it leads irito a 
groove on the upper surface of the processus oscendene of the 
parasphcnoid. 

From this canal a branch ])assej» downward and inward to 
perforate the parasplienoid and opcm on the ventral surface of 
the skull. The main canal must have transmitted the palatine 
branch of the Facial nerve, the branch ])eing for a ramus 


Te\t-figure 4. 



Proc B.R: Vd.PftL. 


Cosmopt^chtus striatus, Pttntsplienoul and banisphenoid virwtid 
froai in front. X 7, 

Pak.Sp. ssParasphenoid, ascending ramuR. Piioc.B.Pt.=« Processug basipterygoiden*. 

VI1.Pal.« Foramen for the palatine branch of tbc VII. nerve. 

pretrematicus, passing to tlie skin of the mouth, as Herrick has 
described it in Menklia. 

The dorsal surface of the bosisphenoid behind the basipterygoid 
possesses a very deep narrow^ pit, which nearly but not quite 
meets a similar pit in the parasphenoid. These clearly represent 
a canal for a hypophysial duct, which had beconie cut across 
shortly before the death of the animal. 

Still further back the dorsal surface bears a pair of irregular 
shallow depressions, which may indicate the attachment of the 
external, recti. Finally, the bone end$ in a nearly vertical 
surface, which in life was separated from the similar anterior 
end of the basioccipital by about 1 millimetre of cartilage. 
This posterior surface has a median notch for the reception of 
the notochord. 

Fragmentary as it is, there be no doubt that this basi* 
sphenoid is identical in morphological cbaraotera with 

those of the two Palseouiscids I have alre^y described. It k 
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clear that a functional luyodonie was present and that this must 
have been roofed by a cartilaginou.s bridge, which may have been 
ossified either from the basisphenoid or the prootic. 

The only bones in the ear-capsule which are well enough 
preserved for description are the opisthotics, the bones called 
“ prootico opisthotic ’’ by Stensio. 

Each of these bones lias a completely ossified external surface 
and posteiior end, but on all otlier faces it passes irregularly 
into cartilage. Posteriorly .the opisthotic has a segmental 
border which faced at a very small distance the front of the 
occipital region. The border hears a distinct notch for the vagus. 
Tlie evidence of the neural crania which 1 have })reviously 
described shows that the vagal foramen lies just above the 
sudden expiiiision of the occipital plate, so that the position of 
the opisthotic with respect to the occiput is fiixed. 

Below the level of the vagal foramen the bone is represented 
by a thin flange lying on the outer surface of the saccular 
portion of the inner ear. 'riiis flange has a thin and clearly 
incompletely ossified lower border, which forms the upper limit 
of the very large vestibular fontanelle. Towards its hinder end 
the flange is perforated by a small glossopliaryngenl foramen from 
which a small groove, presumably for the lateralis component of 
that nerve, passes dorsally, 

I'be dorsal part of the opisthotic is much more massively 
os.sified. Its outer surface turns outwards so as to overhang the 
lower part of the bt>ne and form a groove in which the vena 
capitis latemlis lay. Tlie surface then becomes vertical, forming 
the great longitudinal ridge which extends from the postorbital 
process to the himler end of the otic region. Posteriorly this 
ridge is truncated by a depressed ai ea on the lateral surface of 
the hone, into whudi the groove fi‘om the glossopharyngeal 
fommen leads. On the inner surface the cast of the lower half 
of the posterior vertical semicircular canal is shown, making it 
certain tlutt this part of the labyrinth was completely surrounded 
by bone. No definite trace of the horizontal canal is visible. 

Comparison with other Palaponiscid brain-cases makcKS it clear 
that ossification lm<l not extended into the region of the anterior 
semicircular canal at any point. 

A small bony process extends inward toward the middle line 
from the upper part of the hinder half of the opisthotic— this 
apparently passes through the loop formed by the posterior 
eanah 

There is no tinee of any other ossification in the otic region. 

Far anteriorly in front of the upper end of the ascending 
process of tlie parasphenoid lies a relatively large and massive 
bone, whose margin forms a postorhital process. This is the 
anio-sphenotio. 

It is obvious that the incompletely ossified brain-case which I 
have just descrthe<i is identical in its general morphology with 
those of other Palteoniscids. 
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It differs from Palseoniscid A of my former paper in the 
perforation of the basiphenoid by the palatine branch of the 
Vll. nerve, whilst Palaeoniscid B differs from it by the posterior 
position of this foramen, which in it not only perforates the 
basispheiioid, but issues on the lower surface behind the para- 
sphenoid. 

The most important fact which arises from the specimen is, 


Text- figure 5. 



Paleeoniseid A, Outline of tbc neural cranium with the arterial ayatem as tkr as 
it can be determined from foramina and grooves. Viewed from below* X V- 
A.Op.M. « A rteria ophthalniica magna. Ao. “'Aorta. E.HB.A.e: Efferent hranebial 
arteries. E.Mn.A.^Efferent nmndibular artery. Ex.Cak.— External 
carotid. Iht.Cab. « Internal carotid. 


however, that the cliief ossification in the otic capsule is the 
opisthotic, the prootic region being still entirely unossified. 
The only parallel to this arrangement which is known is in 
Pelypierua. 

The interpretation of the imperfectly ossified and somewhat 
di^laced elements in this skull of Chtmoj^yehim was 

only rendered possible by knowledge of the similar skulls I have 
described previously ; and an undmn^dtng of the nature rf the 
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foramen for the VII. nerve can only be reached on comparison 
with the vascular arrangements which are displayed in those 
specimens. 1 therefore give in text- figs. 5 and 6 outline drawings 
of the neural cranium of Palojoniscid A with the arterial system 
represented in relation to it so far as its distribution can l^e 
deduced from the foramina and other indications on the bony 


Text- figure (5 



Paltemiand A. Neural crarmitn from the side with the cavity for the internal 
ear, repromited nm a cast. and the arterial systetn. Viewed frotii the left side* 
X 

A.Or.s=Arteria optica. A.Or.M.* Arteria ophthulmica majnia. Ao.as Aorta. 
E.ntt.A.--^ Efferent IminchUl arteries. E.Mi>, A. « Efferent mandibaUr artery. 
Ex,rAii,*Kvltn*nml carotid. 1xt.Cae.» Internal carotid. 

skulls. In text-fig. 6 I have introduced also an outline of the 
spaces which housed the internal ear in order to make clear the 
spatial relations of that organ. 

It will be clear that in general the arteries of the head conform 
extraordinarily closely to those found in the modern Ganoids 
and Teleosts. 


Part 2. 

In my previous paper I gave an account of the structure of the 
palate of NenuUopiycJhiuSy to which I can now make additions. It 
IS clear that there are small difiTerences in structure between the 
different individuals, which ai'e ignored in the following account. 
The pterygoid has the structure already described, but has not 
in any of the new specimens shown the anterior ridge and notch 
which 1 interpreted as evidence of an internal nostril. The 
metapterygoid is shown to include the element which in my 
former specimen I interpreted as a secKmd suprapterygoid. The 
** first ^*suptaptei 7 gotd has a cimousl^ thickened and obliquely 
faeettAd dorsal homer, and ends anteriorly by a vertical suture 
witii a small anterior TOpmpterygoid, whose anterior border forms 
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the posterior margin of a deep notch or notches for the passage 
of the tifth nerve. On its inner surface this suprapterygoid 
bears a facet raised a little above its surface for articulation with 
the basipterygoid process. The occurrence of this articulation 


Text-figure 7. 



Nematoptyohiua gre0noeki* 

A. Palato-qaadrate apparatus of tbe right aide. Lateral view, x 1. 

B. Palato-quadrate apparatus of the left side. Mesial aspect. X 1. 

Ec.PT.se Ectopterygoid. FAC.B.Pi.se Facet for articulation with the basipterygoid 

process. MxT.PT.nsnietapterygoid. PT.*fe Pterygoid. S.pT.*»8upra- 
pterygoid. 

behind the V. nerve in Fetnatoptychiiu, whilst in all other 
Paheoniscids known to me it lies in front of that nerve, is of 
importance, in that it serves to establish the homologous nature 
of the basipterygoid process in Palssoniscids and Osteolepids. 

Parts. 

The structure of the external surface of the skull has been 
fully described in only few Palnoniseids, and as a comparison 
botwem this structure and that of oorresptmding r^ons of 
Holortei u difficult to establish, it seems to me important to 
describe certain other rather unusual Balaonudds. 
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Elonichthys caitdalis. 

The sptH^imen of which T Imve described the palate shows the 
.•structure of the dermal roof and side of the head with great 
clearness, although the individual l>oiies are usually somewhat 
sepiirate(l. This fish is remarkable for the thickness of its bones, 


Text-figure 8. 



JSloniehthjjfg caudalU. From the Hag Mine Ii'cnUoiie, Fentou, StafiV. In the 
Museum oi Practical Geology, licconat ruction ot the roof of the ‘^kull, 
viewed from iilMive. X 

Fb.» F rontal. I.TBM.a«Iutfrteini»oraI. Par. =» Parietal. Px FK.*»Po8t^ 
trontal. S.T.asSnpi'atempoial. TAB.«=^Tah\ilar. 


Text-fii^fure 9. 


Fr, ITeh. S.Tem. Tab. 



Mlhmhhtk^s liecoBitruetioit of the left «td« of the aknll. X ^ 

FB.wprontai l.Txx.«>intertein|}oral. Mx.«tt Maxilla. P.Or.«*Pre- 
RptrciilaY. S.Taii.«*8upTmt«mporab TAii.»Tabalar. 

whieb ov«fla(> deeply and sccumtelr, so that there is no difficulty 
in restoring them to their fffoper pli^. Xhe dorsal suriace is 
flat, the (rwitals being vaty large bones, articulating by a most 
irregular suttire. The Mrietois are very small, rectangular in 
ahape, and shortar than they are wide. supiatomporal is a 
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large bone articulated with the whole of the lateral border of 
the parietal and a large part of that of the frontal. The inter- 
temporal is an extremely small bone wedged in between the 
suprateinporal, frontal, and postfrontal. Its identification is 
certain, because the main lateral-line canal ends in it, and in its 
relations to surrounding elements and exclusion from the orbit 
it agrees well with the corresponding bone in Cheirohfin, It 
presents a great contrast to the large bone in Coccocejyhalus. 
The orbit is surrounded by a ring of bones uncertain in number, 
but clearly incapable of being iden tilled individually with the 
circlet of five which surrounds the eye in the more primitive 
Osteolepids, Tetrapoda, and in CoccocepJmlus and Cheirolepis* 
Between the posterior elements of the circumorbitiil ring and 
the anterior border of the preopercular lies a series of three 
bones, which are unrepresented in Clveirolepia^ present in the 
form of a single element in CoccocephxdiiSy and are shown as 
postorbitals in Traqiiair s figure of Falceoniscua and in White’s 
figure of jiEtheretinon and in some other forms. Tiiese bones 
may perhaps be homologous with some of the cheek -plates in 
such Osteolepids as Holopiychiua^ but are clearly far too variable 
in character to receive individual names. U’hey are, however, of 
importance, because they provide the source from which the 
nearly universal two postorbitels of the Holostei have been 
derived. 


Ojryg'tmthus oimatm. 

The external structure of the head of Oxygnathua &matm can 
be made out (iompletely from comparison of the numerous 
specimens from tlie Lower Lias of Lyme Kegis, in the British 
and Jermyn Street Museums. The specimens in the latter 
Museum are the more important. I have Rh*eRdy described the 
structure of the dorsal surface of the skull, which is remarkable 
for its great width and for the apparent absence of an inter- 
temporal. It is possible tlmt my original interpretation of a 
series of small bones lying above the orbit tis separated fragments 
of an intertemporal is coirect. But it is perhaps more probable 
that this element has entirely vanished in the way suggested by 
its great reduction in Elonichthys cavdalia. The circumorbital 
series of bones is com^iosed of numerous elements. Two of these, 
which lie in contact with the dorsal margin of the very slender 
anterior end of the maxilla, are constant. Those W’hich close the 
orbit behind vary in number and in shape, but are always 
separated from the anterior end of the preoperoulum by other 
bones. The lachrimal is a very large delicate bone whose 
relations to the rostral and nasal cannot be determined, although 
its suture with the prenmxilla is clear. 

I have already shown that OxygtmikuB is peculiar amongst 
Palieoniscids, in that the main lateral-line canal is continuous 
with the hinder end of the supra-orbitral canal. 
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caudalis may show an intertne<iiate Htage*. In it tlje supra- 
orbital canal ends in the frontal immediately mesial of the 


Toxt-flgure 10. 



Oxifgnatki** ornatm. Lower Lia^, Lyme Kefcin. Left <jide of the head. Rwon- 
•tructed from speciiiieiiM if» the Jerm.\n J^treet MuReum niid in my own 
colliM'tiou. X 1. 

Clav,» Clavicle. CtBi.=f--Cleithr«m. I)BN.aw Dent ary. I. TKM.r« Intertemporal .® 
Mx.«»MaTtIla. Ov.a=* Operculum. P.Mx.«= Prcmaxilla. P.Op.5s=Pre- 
operculum, P.Ho8.s»Po»troRtruL P.T.-«PoRt-temporal. S.Ci.Bi.s=Supr»- 
clctibnim. 8.0i*.<»Sul>opercuhnn S.TBM.=*Suprateinporal. Tab.=« 
Tabular. 

suprateinporal, instead of fiassing on, as usually, well clear of 
that bone into the parietal. 


Part 4. 

The lower jaw of Pala^oniscids is still badly understood, hut 
from materials of XevtaiopUfchius in ray own possession, most of 
which have l^een prepareil by i^enioving the bone so as to leave 
impressions in the Ironstone, it is }H>8sibIe to make out tlu^ whole 
structure, except for the articular bone. The surnngulai has a 
snmU exposure on the outer surface, but actually extends forward 
for a very considemble distance. Throughotit its lower eilge it 
is overlapped by the upper border* of the angular, and its outer 
surface is very largely concealed by the attJiched dentary. The 
ap|)er bmrder is surmounted by the hinder end of the fifth 
coitmoid, nearly to the region of the articular. The angular 
reaches upwards behind the sumngular nearly to the articulation, 
and extends forward about halfway to the anteidor end of the 
jaw. Its h^&r border is free, not tuined up at all on to the 
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inner surface of the jaw, but is visible on that aspect owing to 
the shallowness of the pre-articular. The dentary is an immense 
bone of very familiar character — anteriorly it has a somewhat 
iridefiidte synthesis with its fellow and then passes backwwd 
deepening as it goes, forming a shell of thin bone on the outer 
surface, overlapping very extensively both the angular and sur- 
angular. The upper border supports a series of widely-spaced 
large teeth, labial to which lies a tight-set row of tiny denticles. 
The large teeth are set on a shelf passing inwards from the body 
of the bone. This shelf terminates in front at the synthesis and 

Text-figure 11. 


A. 





2iematoj>t}/chins greenocki, 'the lower jaw from a serietf of from 

the Lower CarboniferoaN of Wardio Iteaclii MidlotliiAn. 

A. Outer surface. XL IL Inner surface. X 1. 

Angular. CoB.I.-V.»Coronoids. Di5ir.« Dentary. MxK.Mxc.«:Mento- 
mcckelian. Ps.ABT.«Preartieu]ar. Sua.Ave.«>Burangular. 

overhangs a deep groove, m ithin which lies MeckePs cartilage. 
The admesial border of this shelf is in contact throughout a good 
deal of its length with the upper border of tbe pre-articular, and 
the suture between the two elements is covered by the continuous 
chain of coronoids. 

The anterior coronoid is a small rectangular bone lying close 
up to the synthesis, and supported in by the snelf which 
projects inwards from the dentary. It cames a single large 
tooth, and apparently, though not oertaihly, a pit for a replacing 
toCth of Osteolepid pattern. The neat three coronoids are similar 
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in structure, together they form a strip of bone which projects 
dorsally as a wall lying parallel to ainl a little within the series 
of large teeth in the deutary. This wall extends to about half 
the height of tluj dentarv teetl), and is only half as thick as it is 
high. The groove between tlH*8e teeth and the coronoids receives 
a ridge on the eclo{»tt*i vgoid and palatines, when the mouth is 
closed. The labial surface of these coronoi<ls is smooth, but there 
is a series of shallow depressifuis. The lingual surface is covere<l 
with a close-set shagreen of small rounded denticles. The anterior 
end of the fiftii coron<)i<l agrees exactly in its character with 
those vrhich precede it, but. posteriorly the bone splits so as to 
surround the supra “Meckel inn ^ossn antei iorly. and then [>asses 
backwards above IIn* stiramrular and pre articnlar. The pre- 
articular is a large bone t*xtending forward from its attachnient 
to the artictilar for three-quarters of the length of the jaw. Its 
upper border is in <‘ontact with the coronoids ami <lentary for 
tht‘ greater part of it> hoigth. whilst nearly the whole of its 
low^r margin is free, although posterioidy it seems to join the 
angular. 

'rhe structure <^f the articular cannot be ascertained, but it is 
clear that the posterior lialf of Meckels cartilage is completely 
thotigh veiy lightly ossiHed. This bone is of unexpected depth, 
very tiearly tilling the cavity of the jaw. Anteriorly just behind 
the synthesis is a small imlependent Mento-meckelian bone. 

Tills jau agrees in all important structures with that of 
KlouUhfhys but differs from it in the curious wall 

fonne<l bv tlie coronoirls, in exactly the same way that the 
palatines of the two fishes differ. 

The lower jaw of Xematoptychim shows a special recessed area 
on the outer surface of the deiitary surangular and angular 
which is free fixiin ornament and receives the liinder end of the 
lower margin of the maxilla. This feature is found in the 
majoi’ity of Palaaoniscid and Platysomid lower jaws. 

Part 5. 

Eurynoiim crenalas* 

A specimen of Eurynotus from the liower (Wboniferous of 
Wardie Beach in my own collection is of importance, because it 
shows the structure of the greater part of the palate. Previously 
tbi« region has been known onlj" fi*om an unintelligible specimen 
figured by Tmquair (1B80), and is otherwise only known ainongt 
the Platysomids in Cheiroius. 

The pamspbenoid conforms in the main to the ordinary Palaeo* 
niscid pattern ; it ie widely extended into a pair of trjinsverse 
rami which underlie the bi^iorania) region* It appears prolmble, 
however^ thm% ae in Biraww^ Smnnch$hys^ and the Sturgeons, it 
eitende a good deal further Wk than in most Palteoniscids, so 
that it nnderUei the basi^occipital. Ae preserved, the hinder 
part of the paraspbenoid forms a flat sheet from which a deep 
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and narrow ridge descends vertically iji the middle line. This 
ridge is tunnelled by the aortic canal, which for a considerable 
part of its course seems to lie entirely within the parasphenoid. 
In the region of the myodome, which cannot be shown to have 
existed, the parasphenoid possesses a pit w^hich may actually be 
a foramen, and is in any case to be associated with a hypo- 
physial duct. It is impossible to be cerkiin whether a l>asi- 
ptervgoid process was piesent or not. Certain indications on 
both si<les of the specimen suggest tliat the process formed a 
slight outstanding projection of the normal Palieoniscid type. 
In the front of this region the parasphenoid is wide, but it 


Text-iigure 12. 

Olf. Car 


/ 



Miri/notus crenatus. The palate mikI parasphenoid and lower jaw. Viewed from 
above. From a specimen from Wardie Beach. X }. 

Aet.s* Articular. Cax.Ao.« Aortic canal. Coa.«»Coronoid, !)»».»» Den tar v. 

Ec.VT.«Kctoptmjroid. MBT.FT.=«Metapterygroid. Maxilla. Olv. 

CAP.~01fnctoi7 rapeule. Pal. 1. and 1 1. » Palatines. Pt.w P terygoid. 

Qr.ws Quadrate. SuK.Axti.^Nuraugular. 

rapidly narrows as it is traced forwards until in the ethmoidal 
region it forms little more than the lower edge of the internasal 
septum. The anterior part of the |mraspbenoid is continuous 
with an ossihcatioxi in the interorbital aeptum^ only the lower 
part of which is preserved. This septum appears to deepen as it 
is traced forward, and, finally, vanishes by passing into a mass of 
bone lying transversely in the skull, nearly in contact with the 
dermal roof. This mass consists essenti^Iy of two iipherical 
structures which overhang the olfaetory chamber^ their lowei* 
surfaces being flattened and perhaps a Httle excavated for ^e 
x*eoeption of those sense-organs* 
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Tlje quadrate, well shown on the right side of the specimen, is 
a small slieet of bone pjxssing forward on the inner side of the 
fossa for the masticatory muscles and coining into contact with 
the ectopterygoid and the met^ipterygoid. The articular end of 
the quadrate is produced into a rounded condyle, which fits the 
articular surface in the articular. The metapterygoid is not 
completely preserve<l on either side of tlie specimen, but stood 
nearly vertically in the skull, articulating for the greater part of 
its length with the ectopterygoid in a completely Paheoniscid 
manner. As is custoiiriry in I\tlHBoniscids, the ectopterygoid 
may be divided into two regions — that which extends backwards 
ti> the quadrate and is in contact with the metapterygoid, stand- 
ing nearly vertically in tlie skull, and the palatal portion, which 
lies horizontally and is connected 113^ suture with the palatine. 
In the present specimen it is clear that this ramus of the ecto- 
pter3’goid has also an attachment to the pterygoid. 

Tlie palatine series of bones ap^iear to consist of two elements 
— the posterior is much the larger, being exti emely tliick, with the 
whole of its palatfil siirface covered with close-set small crushing- 
teeth. This bone is held rigidly in i^osition, because a strip of the 
lateral part t>f its lower surface is supported by a flange jmssirig 
inwards below it from the inner surface of tlie maxilla, exactly 
as in Paheoniscids. 'I'he anterior palatal element is misplaced 
and shown only in section. It also is massive and appears, so 
far as niav be jmiged, to have repeated tlie structure of tlie 
posterior eleraentr on a smaller scale. 

The pterygoid, also an unusuall}*’ massive bone, extends forward 
from its suture with the ectopteiygoid and the metapterygoid 
until it terminates anteriorh' in a jKiint lying a little behind the 
post-olfactory jdate. The lower edge of the palatal surface of 
the pterygoid is tooih-liearing, 1 liave seen no indication of 
pre- vomers, w'iiich must have existed, and am re^isonably sure 
that no supin pterygoids were present. 

The palate just tlescribed (lifters from that of such a Palaponis- 
cid as klonickthyH Hemi-striatus only in the loss of the anterior 
suprapterygoid and the increaseti massiveness of all the bones, 
which results from the development of a crushing dentition. On 
the other hand, the palate of Cheirodm is clearl}' a further 
development of that of Eurynotm^ Traejuair’s pterygoid being 
a palatine and bis metapterygoid prol>ably ineiiiding two 
elements, a pteiygoid and a metapterygoid proper— an interpre- 
tation suppoi'ted by Traquair^s ng. 3 on j)l. v., wdiere the bone 
Y may be one of the two elements. 

Lower Jaw. 

The artionlar is shown as a massive bone hearing a sphieroidal 

f lit for the quadrate on the upper surface at the hinder end. In 
rout of this cavity the bone extends forwards for some consider- 
able distance, and then terminates at a sharply-defined border 
behind the supra-Heckelian fossa. On the lingual surface it rises 
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steeply and is overlap[)ed by the hinder end either of the pre- 
articularor of the process of the posterior coronoid, which extends 
backwaixls in contact with the upper border of the pre-articular. 

Platy807nu8, 

The structure of the head in Platysow/m was described by 
Tracjuair (1880) and represented in a restored figure. I am able 
to add to, and in .some respects correct, this account on the 
evidence provided by two specimens of Platf/somus parnditrS^ one 


Texi-figure 1*1. 



Head of PIatif$omus par\^hi$, Restored from an u»cm»h«d specimen in tU^ 
Knowles Ironstone of Fenton. Stafls, with the aid of another specimen, x 2. 
Airo.» Angular. CnAV.« Clavicle. Dentary. Fa, «* Frontal. 

Intertemporal. Mx.^Maxilla, Na,»Kafal. Op.^Operoultttn. 
Premaxilla. F.Op.« Preoperculum. P.Iios.^Postrostral. P,T.«rPost. 
temporal. Pau.-* Parietal. Ro8,«*K«ltif«l, 6.Cw5X.-«Hapracleithrum. 

S.Or.«Saboperciilura. S.OaB.-Suborbitakl. 8.t»M.*8ttpratompoval. 

of which ia preserved almost uncrushed in an Ironstone nodule, 
the other flattened in shale. Both have been prepared by 
removing the bones with acid. The parietab and Irontala have 
the form already described by Traqaair, but the latter bone is 
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very distinctly shown to foi-m the u})per border of the orbit, over 
which it is raised into a dome. 'Phe supratoin poral is a strange 
triangular bone scarcely touching the frontal. 'Piie intertemporal 
attached to the lateral margin.^ of tin* fi-ontal and supra temporal 
difiers a good deal in its shape from Tiuquair’s ligiire. The 
postnjstral and nasal are uhnost exactly as he described them, 
but tl»e up[»or end of the facial process of tlie premaxilla, which 
is probably a rostral bone, separates the two for some consider- 
able distance. Tdie difreivnces between my figui e and Trrnjuair’s 
in tbi'% region <lepend on the fact that the bones overlap deeply, 
Traquair leprcsenting the inner surface and 1 tin* outer. 

'Phe orbit is bounded behiinl by two small bones, one of which 
articulates with tlie intertemporal, the other with the l.'ichriinal. 
A displaced element shown in «me of my specimens may have 
formf*d part of the orbital margin lying in a rece.ss in the nasal 
hone — if so, this hone was a prefrontal, 'Phe lachrimal or snb- 
oibit/al forms a good deal of tin* face, it lies wedgeal in between 
tin* nasal and the maxiil^i, ainl its lower margin is in contact with 
a l» me wliicli may be variously interpreted either as a lostral or 
les'^ probably as an anterior suborbital. I'lie pre-operculum has 
the torm already describt*d i>y Tra<juair; tlie maxilla differs from 
his familiar drawing in tin* excessive slenderness of its anterior 
end, w'hen* it below tiie i«at;eral lostral which rests in a 

rabi>et on its upper e<lge. The largo bone ilescribeil by Tnupiair 
as a post.-tempoiai articulates dire^jlly by an underlap with the 
parietal and supra temporal. 

Tin* r)pei<*ular and subojicivnlar arc as 'Praquair has described 
t]n*m, but they difVer w goo<l deal in their relafi\e Iieigiits in 
different imlividtmls. ThenumU*rof branch iostegals is uncertain, 
perliap.s three in one specimen, and the anterior one is a large 
lieavily ornamented plate. 'Phe elavicle and cleithrum are as 
Traqutiir has de?%crila*d tliem. but it is certain that the supra- 
cloithrum of his des<Ti}>lion is really two bones, one of which 
(I’igidly articulated to the jKxstei ior surface of the upper end of 
the cleithrum i is an eiilarge<l post-cleithral scale. 

Pile lower jaw is a .slender structure turned inwards towards 
its anterior end in such n way as to .show’ that the preinaxillie lay 
nearly transversely in the head and that the snout was rounded 
and nut pointed- Posteriorly the jaw is deep and mised into a 
low corotioid prc^cess ; ns in Palajouiscids the dentary extends 
very far IwmjW and forma the lower boixier of the for a gooii 
deal of its length. The siirangular and angular are not dis- 
tinguishable, but a pre*articular m shown to form the inner 
surface of the jaw, {xisteriorly rising as it is traced fowards to 
artioulnte with the posterior* coronoid, which |>asses backwards 
both labially and lingually to the supra*^Meckelian vacuity. It 
is impossible from my material to dieeoter whether other 
eoironotds were present or not. The outer surface of the whole 
}aw shows a recess or unoriiam«mted region into which the 
posterior lower eormnr of the maxilla was received. 

Pwa. Zoosu Soo.— 1928, No. V. 5 
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LateraUlim Apparatus, 

The lateral-line caimls 4X1*6 throiigliout extnxordiiiaiily fine, 
aV)out a quarter of a miiliinetre in diameter. They eonimtinicate 
with the exterior by souiowliat infrequent tubnli, whose openings 
ran sometimes be seen. Tiiere is a canal in the post-temporal 
Avhich runs directly upwards from the pointed low^er extremity 
towards the middle line. This cannot, 1 tiiinli. be part of the 
main canal ; it is more plausibly inter])reted as the occipital 
cross-commissure, which would lead to the belief that the Ixone 
is really an enlarged tabular. Jn a specimen of WanUchihys 
vyclosovia (text-fig. 14), however, what is clearly the same element 
is sepanited from the parietals and supra-temporal.s by a row of 
four small bones, and is lienee quite certainly the real post- 
temporal. i am thus inclined to believe that in Platysomvs^ 
with the disappearance of the tabular row, the post- temporal has 
extended forwards so ns to enclose the occipital cross - com mi.ssu re. 
'Flic main canal passes forward through the lateral margin of the 
snpratemporal and along the inner edge of the intertemporal 
to its sutiuv with the frontal. The intertemporal is crossed hy 
a deep groove, which appears to represent the ujiper eml of the 
suborbital canal. This canal perforates the two postorbiUil 
bones, passes downwards almost vertically through the sub- 
orbital, and thcTi turns fovw’ard bori/, out ally tbrougli tiie rostral, 
apparently tnrning upwards at the anterior margin of that bone. 
The supiaorbital canal begins, as Traquair lias sbovin, at the 
hinder margin of the jxarietal ; it continues forward tbrougli the 
frontal into the nasal, where it swings round laterally to the 
nostril, and then jnirsues a straight course down the nasal into 
that upper [lart of the prenmxilla which is probably of rostral 
homologies. The anteidor end of this c-annl is not shown. The 
hyomandibiilai* canal extends from the upper to the lower corner 
of the pre-opercular, and is then continued in the mandible 
parallel to and immediately above its lower border. In one of 
my specimens a line of pores passes from the supraorbital (ianal 
across the fronUl into the intertemporal, there joining the 
suborbital canal. 

This inoi*e complete account shows that certain bones, the 
rostrals, which are not frequent in Palfeoniscids, do wcur in 
Platysomus ; this occurence suggests that, like the Oatopterids, 
these forms must have arisen from a primitive meml>er of the 
PalsBoniscido^. The distribution of the lateral-line apparatus is 
essentially tlie same in the two families, but the connection 
between the supraorbital and suborbital canals is only known 
in Oxyguathus amongst the Palieoniseidse. 

Tbe specimen of Wai dickthys represented in text- fig. 14 shoivs 
that tbe operculum is considerably narrower than tbe sub- 
operculum, and that the latter bone shows a distinct notch in 
its upper border, which must have reeoived tbe lower end of the 
separate element lying between the anterior border of tbe 
opercular and tbe pre-opercular, identical with that which exists 
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ill many Palieoniscids — for example, in Cheirolepis^ where it is 
usually calle<l X. This is the first recorded occurrence of the 


Text-ligure 14. 



iViinhi hlkus ctfclitsonux I/tnwf'r t'ai l»«»njferous of (Jullane. Postcuor rart of 
tiu‘ left sido of tlip head and »houlder*}?irdle. X 2. 
UrKr-s-rieithnun. iHrmo-supmucirUfll. FK.«Fioiital. 

IiiterteiiiporaL Op. ^Ojuioulum. P.T.=^ Vo«t-tem|K>ral. Par. — Parietal. 
S (’i.i:i.»8uj)rachntUruiii. H.C>P. — SulHJiKjrculum. H.TEM.^SupiiUeiupoinl, 
Tab. — Tabular. 

bone in Piatysomi<l.<, It seems not imjHissible that Trarf?ic//^4»/s 
miiy lie homewhat more nearly related to Benedenim than to any 
-other form. 

Part 6. 

Tlie structure of tlie lower jaw of N^ematoptychim may perhaps 
provide the explanation of a curious feature of the lower jaw of 
ChondrmUsm, wdiieh has not previously been recognised. In 
acipenmraidas there is a small lightly-ossilied articular, to 
whose outer surface the short surattgular is attached. The low'd' 
border of the Jaw for about a third of its length is formed by the 
angular# The rest of the outer surface of the jaw has always 
be^ supposed to consist of a single large dentary, but actually 
is made up of two somewhat featureless bones lying above one 
another# That these bones are, indeed, separate is shown quite 
conclusively by one of my specimens, Where they have sepamted 
and now lie at an angle with one another, and it is shown also 

6 * 
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by the fact that io several specimens of <7. acipenseroidesy and in 
both the Stuttgart and Tiibiugen examples of kindenburgiy 
their anterior ends have parted from one anotlier so as to leave 
a narrow but perfectly distinct notch. In Acrj^enaer, both in the 
adult and in larvte of all stages, only a single bone is present in 
the corresponding position. It is clear that one of these two 


Text-figure 15. 



Chondro»Uu$ acipenaeroides. Lower Lias, Lyme Ventral surface 

of the head. X J approx. 

Awe.-Angular. Abt.® Articular. C.C.^Foramen for the common carothl 
Cott. «Coronoid. I)kk.« Deutary. Kc.Pr.^Kctfiptervtfoid. Ilr.-hyo* 
mandibular. Mx.«MaxiUa, P.O.«Po8torbital. P.Or.-Preoperculum. 
PaIi.w* Palatine. PAR.8p.»Para«phenoid. Pt.»* Pterygoid. 8iJE.Aiia.nK 
Sumngalar. 

bones must be the dentary, and it is natural to suppose that this is 
the upper. Tlie lower bone would therefore have to be a splenieJ 
which does not occur in any known Actinopterygian, though it may 
perhaps have been present in Chtvdspw. The relations of this 
bone to the angular, which it overlies, are, however, never found 
existing between a splenial and the angular, and it is nrefeinble 
to regard the lower bone as the dentary. The upper bone whioh 
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articulates posteriorly with the suriiugular can only beacoronoid, 
and the conditions in Neniatoptychim suggest that it gained this 
unusual position quite directly with the disfipy)earance of the 
teeth on tiju dentary margin. Whicli bone persists in Aciperiser 
it is iinpossibh* to say. 

Text'lig. 15, which represents the appearance of oije of iny 
specimen.s of (yhondrosU'us^ is also interesting, because it shows 
two small elements lying in iht* specimen rather in front of, 
though ill the Kurne plane as, the pteiygoi*!, whicli are most 
jilausihly inter[)rete<l as reduced palatine hones. These occur 
also in the specimen which 1 have already figured. The figure 
also shows file parasjiheiioid more completely than it has yet been 
described ; the most interesting feature is the extreme posterior 
extension of the bone, which runs hack wards helow the occipital 
I'egion fd the nennil cianium and terminates in a notched 
posterior bor<ler. Thi* notcn must represent the posterior end 
of an aortic canal, whicli anteriorly is completely underlain by 
the parasphenoi<l until it divides into two, which open to the 
exterior through ctmiiuoii carotid foraminn. just as they do in 
Paheonisciils in general. From these carotul fommina deep 
grooscs pass forward on the lower surface of the lione which 
represent the posterior part of the circuhis cephalicus. 

Some distance in front of the openings of the carotid foramina 
the hone wdiiens to fonn a pair of ascending processes, which pass 
outwards ami upwards helow the prootic. Behind the process 
there is a notch whicli [uesurnably transmitted the external 
carotid artery. Anteriorly the pamsplienoid forms a somewhat 
broad pointed processus cultriformis, whose lower surface is 
fiattened. The whole bone tliffers from Unit of the Carlioniferous 
Pahronischls in the same way, though to a greater extent, than 
does that of iUrgiria, It agrees in its geiieml morphology rather 
strikingly with the corresponding lame of Saurichthys as Htensio 
desttribed it, and is similar in its main features to the corre- 
sponding l)one of described by Smith Woodward, and 

is, us a whole, remarkably similar to Acippuser itself. At the 
same time this new' specimen shows certain features — for 
example, the <lee|amed liinder end of the maxilla and the 
depresses! area on the outer surface of the low'er jaw into w'hich 
it w’as received, which are most reminiscent of Pal«eoiiiscidi, and 
a<ld to the certainty of the derivation of the Sturgeons from 
that group* 

The pt^ceding jiaper is to lie reganled as an appendix to my 
former account of Pahwmiscid structure and as a necessary 
preliminary to a future paper dealing with the structure of 
cetimin Mesosoic Ganoids. As the latter paper may not be 
completed for some time, I think it useful to publish these 
observad/ions independently. 
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4. Notes on East Arricaii Birds (chiefly Nesting-habits 
and Stomach-contents) collected in 1926. By Arthck 
LovEKir>Gi:, (\M.Z.S, 


[Received Auf 5 :u 8 t 6, 1027 : Read November lo, 1027. j 

J'Ijo following observations were made while the writer was 
engaged on a comparative study of the herpetological faurne of 
the Uhigiiru and Usainhara Mountains in Tanganyika Territory 
on behalf of tlie Museum of Comparative Zoology, Oamhiidge, 
Mass. 'I’o these liave been added lialf a dozen earlier unpub- 
lished notes. 

With the exception of Dar es Salaam, Kilosa, Kimamba, Suna, 
and Sagayo, all localities mentioned are situated in one or other 
of tliese momitain-raiigeK, their a{)proximate altitudes being as 
follows : ' 


(Uu;;uru Moinitain»«. 
BMgilo, feet 

Mkangazi, .‘1000 ,, 

Mkarnzi, 1500 ,, 

Nvauge, 2500 „ 

Nyingwa, ToOi) ,, 
Vitiiri, 2000 


Unumhara Mountains. 

Amam, 300(* feet. 

BumbuH. 2000 „ 

Kizerui, 4000 ,, 

Lushoto, 5000 ,, 

Lutindi, 4000 „ 

Phillipshof, r)r>0(> ,, 


The ne.sts of at least, two of the birds mentioned are described 
for the Hrst time. 

My grateful thanks are due to Mr. Outrani Bangs for deter- 
mining half a dozen of the birds and eonlirming or correcting 
the other identiticiitions made in the field, and to Drs, Chapin 
and Friedmann for naming the Stephanoavins and C'mnytns m, 
UB<inif*aricus respectively ; also to Dr. Bequaert for determining 
hip[>obosciil flies, and Mr. Nathan Banks the ticks in stomach of 
Bnphagu, 


Faixjo TiNNUNcrms CARLO (Jlartert <fe Neumann). 

Kestrels ore known as kq)ozi in Kikami and nwienga in 
Kisutnbam. 

Observing one of these bir<la drop down and pick a lizard off a 
rock, the bird was shot, and a gecko {Hemidaetylm mabouia) was 
found in its crop as well as a skink (Mabuya striata) in its 
stomach (Mkangazi, 20. x. 1926). 

l^TEPttAKOAkTUS COEONATUS (Linilieus). 

On aeveral occasions one of these birds was observed in the 
neighbourhood of the camp, but always chose to perch on the top 
of the higher trees well out of gunshot range. On the 27th my 
Wife reported having found the nest, and watched the old bird 
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a{)parent1y feeding a fledgling. The nest was built at a height 
of M hundred feet from the ground, near the top of a- tree whose 
smooth ami slipporv stem hud not a single branch for the first 
sixty feet, from the ground. I'he tree was growing l>eside a 
stream wliich meandered along a well-wooded ravine. By 
climbing the steep hillside one was able to see partially into the 
nest, and was ]‘>u/z1ed as to whether the bird it oont-nined w’rs 
adult or vouug. To day we returned armed with the forest 
oflTicer's permission tr> cut down the tree if necessary, but as we 
approached the bird flew off and I shot it on the wing. It 
proved to be a ytmng one (Phillipshof, 31.xii. 102fl). 

Fau’o naumanm naumaxnj Fleischer. 

A hir<l whicli T took to be a LevSser Kestrel, and known as 

kiiema to tbe Wakami, bad a brood of nestlings in an i<leal site 

a bole in tbe olitl-face oserbanging about tldrty feet, of smooth 
rock (Mkarazi, 21. x. 11)2C>). 

Ti.UArrs uAUTLAniu (Fischer & Reicbenow). 

Hartlaub's lourie is known as Aw/y/ci to the WasniiJibara. On 
examining tbe stomach of one of these birds, it was found to 
<*ontaiii maiiv seeds of the fruit of what is probably Conophanfntjui 
hohiii ' Tahern(t>inoni(tua), I am indebted (oMr. J). K. S. (Inint, 
(-hief (Conservator of Foi‘(*sts, Tangan\ika 'Jerritory, for tliis 
identification. Stneial young birds only just out of the nests 
w^ere seen during the week (I'iiillipshof, 21. xii. 11120). 

Bucorvus oAFFJi (Schlegel). 

♦Some natives brought mo a cock bird in ibie condition which 
they allegeil hail caught it.s head in a t-angle of grass, through 
which it had thrust it, in an attempt to leach a rat. whose runway 
was beneath. This was ]>ossihly true, or perhaps it had been 
taken in n game snare, which, of collide, they would hesitate to 
report. The following morning ] fastened a long length of cotton 
rope to its leg and tethererl it to a peg in the garcUm. Then I 
tossed it a House-Snake which it neatly seized 

by the back of tlie neck and flew off with till brought up suddenly 
by the rope, whereupon it dropped the snake. This hapjiened 
three times, but finally, aftei crunching the snab.e’s iiea<l in its 
bill, it swallowed the reptile (Kilosa, 8. viii, 1921). 

A secoml bird was sf»ot in a cotton sharriba by my collector. 
Its stomach contained red locusts, grasshoppers, and a black field- 
cricket (Kiraamba, 15. viii. 1921). 

BvcANism ciiisTATUs (Ruppell). 

The Silver}"-cheeked Hornbill is the mfufndmntmda of the 
Wakami, the hondo of tbe Wasumbara. 

Though the stomachs of many were eacamined, only fruit was 
found in them, yet at Amani one Sunday afternoon iny wife and 
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1 observed one of these birds with either a rat or a lizard iii its 
beak, [irobably the former, to judji^e by tl\e way its tail wijirled 
round and !•ouud as the bird t*ho|){)ed it with his bill ami shifted 
it about. At Lutiiidi the Trumpeter- Horn bill {Bycmiistes 
hmciiiaior) was shot feeding with Silvery-cheeked Hornbills in 
the same hg-tree. At Pliillipshof, where both «}>ecies occurred, 
a pair of these birds were observed high in the air mobbing a 
large bird of prey wbicli 1 have every x*eason to believe was a 
Clowned Ifawk-Eagle. Wasumbara natives, if not Mobainrne- 
<lans, eat the flesh of both those hornbills. 'llie Trumpeter- 
Horiil)ill they call kiiinyai. 

liOPHOOEROS MKLA.NOLEl’COS (Licht^listeiu). 

The Crowned Hornbill is called luhoj/a in Kikami, nkwemhe in 
Kisiimlmra. 

'I'he stomach of one <»f these lards held two round red fruits, a 
green mantis, ix large ciitei pillar, and many green eetonid beetles. 
Another held a mass of beetle-remains ; one of tiie species repre- 
sented appeared to he a rhin<K‘eros-born. There were also several 
cetonids with white spots on their elytra (Amani, 3.xii. 1926). 

Hau vok ALBiVEXTRis OIUKNTALI8 Peters. 

The Oriental Brown- hooiled Kingfisher is called mndilila in 
Kikami, Kiimhuht in Kisumlwira. 

A native cbiki conducte<i me to a circular weil-like hole some 
ten feet deep and four feet m diameter in wliieli he had seen a 
snake. The hole was close to the back-yard of a hut. 

As we approached 1 saw a jwtir of Kingfisheis on the lower 
branches of a y<*uiig coconut-palm, and, thinking to secuie both 
with one shot, took aim ; before 1 fired, however, tlie hen flew 
off to anotlier tree, but 1 secured bc>th. In one was a black field- 
cricket, in the other several long wire- worm-1 ike yellow beetle- 
larva*. (The stomach of a bird shot at Kilosa, 4.i. 1921 , held 
gmseljoppers. ) 

Meanwhile iny native collector, Salimu. had been capturing 
froga in the hole, and wms about to climb oiit wdien he found a 
Kingfisher’a burrow about a foot and a ludf below the surface of 
the gmund. I gave him my stick to measure the lengtli of the 
bunow. and w'e ascertained! that it went back to a depth of 
between three and four feet. Laying the stick on the ground in 
the earn© general direction taken by the passage, w^e sunk a shaft 
from above end came directly four white eggs (measuring 
25x23 mm.) laid on a small collection of very finely-broken 
inoHusk ahellK and coleoptem elytra, among which a large 
purple cnmbid wing-case was very conspicuous (Bar es Balaam, 
«,xi,1926), 

MKhlTrOFHAOtTtt LAFBKSKAVn OEBOBAT^ Sharpe, 

I'he Stgon Oinnainon**che«ted Beefeater is called kimg^ by the 

mkami. 
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A nest in a hole in a bank was found to contain thiee pure 
white eggs measuring 22 x 18 nim. They were on the point of 
hatching. Both parent birds collected (Phillipshof, 20. xii. 1926). 

Of three nests exam inerl io-day one contained three fresh eggs; 
a second three wcll-incubated eggs apparently laid at considerable 
intervals, one of which was addled, the shell being minutely 
punctured, presumably by the claw of one of the parent birds ; in 
the third nest were three young birds almost ready to 6y. The 
nests consist of a pile of Hy and beetle wings and are situated 
about two to two and a half feet from the entrance of tlm burrow, 
the latter taking a sliarp turn just before the nest-cbamber. The 
eggs are generally much stained with the reddish soil (Phillipshof, 
21. xii. 1926). 

One nest with three very slightly- incubated eggs and a second 
containing an egg and two recentlv“hatche<l vonng (Phillipshof, 
30, xii, 1926). 

Merops apiasteu apiaster Linnfeus. 

I saw a dock of European Bee-eaters in poor plumage going 
south-east in shor t stages ns they stopped to catch insects from 
time to time in the early morning sunshine (Vituri, 27.x. 1926). 

Coraoias neavius neavius Daiidin. 

This bird is called Lohoyu in Kinyaturu ; in the stomach of a 
hen bird just killed there was a lizai'd {Agama hispida distanti) 
(Suna, 3.x. 22). Y^vy large gimshoppers iit the stonrach of a 
cock bird (Shanwa, 20.x 22). 

Oaprimuluous europ^T-I's MERiDiuNAUS HaHert. 

^ The stomach of a male Nightjar shot to-day was full of termites 
Kilosa, 4. ii, 21). 

Kipabia FULioiTLA RUFiGULA Fischer Beichenow. 

The Brown-throated Rock-Martin is called mngalala in both 
Kikami and Kiluguru, while in Kisumbara it is kizdeh, 

A nest, containing young, was seen affixed to a rock-face at a 
height of ten feet from the ground (Bagilo, 23. ix. 1926). 

Watched a parent bird fee<ling a nestling which was cmuching 
on a very narrow ledge of rock some six feet from the ground. 
How it r^hed this position is something of a mystery, for tlie 
rock was in the centre of a large ploughed field and the nestling 
apparently too young to fly. tl'here was no trace of a nest on the 
rock, which was about twenty feet long and twelve feet in height. 
A die; where the nest wae probahjy located, was quite a hundred 
yards away (Nyange, 9, x. 1926). 

Three young, in a nest over the door of a rawn in the house we 
are temporarily occupying, dew to-day, but returned to the nest 
to sleep this evening (Bumbuli, 16. xii. 1926). 
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PsAUDPROONE iJOLOMELASNA MASSAfCA Neumann. 

Tins martin, or bank swallow, is known to tlio W'akaini an«l 
Waulnguru by the wirne name iis they employ for the preceding 
species. The Wasuinbara apply a diminutive to their name for 
the Browui- throated Rock-Martin and call it kizelele khlogo. 

Shot several of these martins, wliich are very numerous here. 
Tw'oof them harboured hippoh(»scid \\\^s{Oniithmngia /jcr Schiner) 
among their feathers (Ihigilo, 23. ix. li)20). 

While walking up one of the terraced paths of the arboretum, 
i lialted to speak to a native, and thus alarmed a bank-swallow, 
which burst from its nest-hole in the cutting beside me. Two 
young ones which w^cre able to tly weie touml in the nest- 
chamber, which was situHte«l a foot fiom the entrance (Amani, 
24. xi. 192r)). 

Tw’o pure wliite eg^s (measuring 19x13 nan.) were taken from 
a nest composed of various kinds of liciien situated in a burrow' in 
a hank forming a cutting on one side of the terraced roadw'ay. 
The nest was approximately 99 mm. in diameter. Ihdh parent 
birds were shot (Phillipshot, 21. xii. 192G). 

A second nest, containing two very .^lightly -incubated eggs, 
was found; a third with two eggs almost leudy to hatch; a 
fourtli with two fledglings nearly ready to fiy. Both the latter 
were in burrow s only a foot above the ground ; the nest-chambers 
w'ere about two feet, from the entrances. Nc^sts from wdiich 
sitting birds w^ere disturbed invariably heltl hippolxiscids often so 
gorged with blood jus to 1 m‘ unwilling to move (Phillipshof, 
22. xii. 1920), 

A fifth nest f(»und to-day held two very slightly-incubated eggs. 
A bird w^as seen flying to a bunxiw wdth a long wisp of lichen, 
three times its owui length, in its bill. Other nests in pixicess of 
construction wero found, and one, from w’hich the young had 
recently flown, held eight bloated hippoboscids (Phillipshof, 
30, xii. 1926). 

Alskonax shbadusta Shelley. 

A nest was found by my wife upon a horizontal lichen -clad 
l>oiigU of a tree growing on the outskirts of the forest ; the 
situation chosen was about six feet fix)m the ground. Externally 
the nest was composed of grey lichen identical with that which 
coveretl the whole tree; internally it was boiiutitully lined with 
down and feathers. The outside measurements were 95 X 65 mm. ; 
inside it measured 40 x 25 mm. The three eggs were uniformly 
bluish-grey t and contained embryos so large that it was impossible 
to preserve the eggs (Phillipshof, 3k xii. 1926), 

Tcuxthba FKRarioiiXATA SUAHEUCA Reichenow, 

The Grey-breasted Paradise flycatcher is the nyidumhizi of the 
Wakamii tlie tMhmUu of the Wasumbam, 

A cock bird was shot from a nest built in the triple fork of a 
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shrub at the forest-e^lge. The iiest meiiMU'etl 80 mtn. outside 
diameter uud ho mm. inside. The outside depth was 65 mm. 
and the inside about 35 mm. The nest v/as a vei*y beautiful 
structure of green moss hchl together hy spider webbing, of which 
there were fleecy wliite masses here and tliere looking like tufts 
of raw cotton. Fhe interior was lined with shredded fibres, fine 
grasses, and rootlets. 'Die eggs, three in number, were quite 
fresh. One measured was 19x15 min. They are slightly hufiy- 
w’hite in ground-colour witli a ring of reddish-brown, and a few 
purplish, sj>ots around the larger pole. There are a very few 
flecks of the same on the rest of the egg. 

In life the skin at the corner of the mouth, as well as the 
wattle-like (‘xpansioii of skin around the eyes, is vivid Cambridge 
blue, hut fades tm jae.servation ; in sharp contrast all the rest of 
the liea»]-feathers, including the short crest, are davK metallic 
blue ; the })reast is smoky-grey, shading oft‘ into t lie white feathers 
of the under tail-coverts ; the inner wing-coverts are also white. 
With its rufous hack and tail (the elongated plumes in the latter 
mea.siire eleven inches in length, or nearly four times the length 
of the bird itself) one can hut imagine what a beautiful sight a 
cock flycatcher sitting on its moss-green nest makes ( Phillipshof, 
21..xii. 1926). 

A hen bird was found sitting on another nest, bidding two 
eggs, Init these w^ere not collected (Phillipshof. »‘h). xii. 1926). 

Lanits collaris hi mekaus Stanley. 

The lien was shot from a ne.si which measured approximately 
140x110 111111 , externally, w’hile the inner cup was 70 nun. in 
diameter and 45 mm. deep. Neatly and strongly constructed of 
very fine twigs and lichen outside ; lineil with gra.sse« ainl very 
fine rootlets. One of the two eggs was well-incnhated, tiie other 
apparently addled. One measured 22x17 mm,, was whit^ in 
ground-colour and .speckled with brown and jmiplish, Ijiit chiefly 
grouped in a small hand around the larger pole (Phillipshof, 
23.xii.1926). 


Dicuuiti/s LUDwica ludwigi Smith. 

Ludwig’s Drongu is known as miavtha to Ixith Wakanii and 
VVasumhara, hut the name is proliably applied to all drongos. 

1 saw a Wliite-necke<l Jiaven (CarvtiUtir cMcoUia) sitting 
<|uietly on the branch of a fir-tree, when my approach disturVied 
it. As it dived ott* valleywards a pair of drongos, hitherto un- 
noticed, pursued it, and one of them actually rode on the rump of 
the larger bird as it pecked it mercilessly. This was on the 18tb, 
and 1 witnessed a similar attack to-day (Amani, 24. xi. 1926). 

OORVUS ALBUS P. L. 8. Muller. 

The White-bellied Crow is called kinztUeazule iti Kikami, 
konffurn kidoffo in Kisuiiibaiu. 
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A pail* of adnlt birds wert* feeding a fledgling in the tops of the 
encalyptns-trees in the hotel grounds, lieing retjuested to shoot 
them on account of tlieir depredations, I found the food to be a 
two-horned chameleon fiacheri mtiUitubercuUitus) 

(Ltishoto, 20. xii. 1926). 

CoiivuLTUii ALMICOH.1S Latham. 

The White>-necked Raven is known to tlie W'akaini as hcmdwa. 
while tlie Wasumhara call it konijunc kuhint. 

Stomach-contents consisted of frogs recognizable by tlieir bone.s. 
See note under Dicnirus also <Amani, 22. xi. 1926 / 

RurJiAOA KRYTiiuoiUiVNCTiA Stanley. 

The lied“bille<l Oxpecker is called shaske by tlie WaMJinbara , 
it has no name in fvikauii a.s it iloes not ocmir in their ili.-strict. 

A pair of tlieso birds were shot oft* the hacks of cattle, and on 
exaimnation of their stomachs only one was found to contain 
ticks {Amhlyomma^ sp. Ixodes pdosns Koch, and Rhipi- 

cxphidna pHuctaiiashnns tierst. ?), t hough l>oth held a great deal of 
hair an<l Mood (Phillipshof, 27. xii. 1926). 

Androp.adus masckknsih uoniLii Heu'lumow. 

'rius Bulbul is Utiown as pundtre in Kikami. 

A ni‘st was fouiul live feet from the ground in a sapling in 
op<*n foicst near the top of the mountain, e. e. ahont 14(H) metres. 
The nest, which nnasurKl inches, was slung in a folk; it 

w^as made of fibre and rootlets and lined with hner Idack fibres, 
veiy much like horsehair; there is a little moss on the edges of 
the nest where it was attached to tlie hniiiches. The two egg,s, 
already well incuhated. measured 27* x 16 mm., and were pinkislr 
white in ground-colour heavily blotched with brown and black 
(Mt. Luiindi, 10. xii. 1926). 

Auizkiaicichla xiGKK'Ers (8helley). 

A nest bml been built U[>on some bramble- sprays which w’ere 
growing from the top of a bank Mmlering the road; thus the 
nest was only tive feet from the gvoiunl, though quite eight feet 
above the roml-level. Externally this nest w’as coinjiosed of 
tendrils and coarse grass-stalks, internally it was lined with fine 
grasses. Outside it measuretl Ki0x55 mm.; inside 70x30 mm. 
The second of the two eggs was only laid to-day ; in all probability 
a full clutch would consist of tlireo eggs. These measurctl 
23 X 6 mniM were pinkish-white in ground-colour, but this was so 
heavily overlaid wdtb brown and purplish mottling as to be 
almoat obscured. The hen bird w^as collected together with the 
nest and egg» (Phillipshof, 31. xii. 1926). 

OiKirmD WVXRIMKII: Hartert. 

This, as well as other sunbirde, is Oalled kisosii by the Wakami. 
1 have not found the species in the Usambam Mtns. 
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A west was found to-day hanging froin> or rather aiwoug, a 
long fringe of exquisite moss, whicli trailed over a low clifi*(rock) 
in the rain forest; it was some lune feet from the ground, lu 
length the nest measured seven inches and in breadtJj four. 
Externally it is composed of still living green moss, with a few 
fronds of tine fern besides some deiid and skeleton leaves. The 
structure is apparently lineii with the finest rootlets, and then 
again with the finest and most hair-like grass, so that at first 
sight it s(‘eiiis to he lined with liair. The heautiful little nest so 
hai*monis<‘d with its surroundings that it was very difficult to 
locate if once you looked away from it (Eagilo, 23. ix. 1926). 

A hen bird was observed building on tlH‘ end of a branch of a 
tree in the rain-forest. The nest was situated quite thirty feet 
from the ground and was nearing completion (Xyange, 6. x. 1926). 

A series of skins as well as another nest were collected here, 
when* the bird is (]uite common. Tim record extends its known 
range to tiie southward somewhat, and its altitudinal habitat 
would appear to be 2500 to 7500 feet (Nyingwa, 18.x. 192()). 

CiNNYius oBscniA NKGLECTA Neumann. 

in Kikami, itaozi in Kisumbara, chozi in Kiswahili, but 
probably none of them specific but embracing all snnbiids. 

A hen was shot ofJ* a nest (meiisuring 160 X 7(> mm. over all) 
attached to creepers proji'ctiwg from i\ rock, so that the nest over- 
hung a path in the rain-forest, and was seven feet from the 
ground. The nestis <*omjK)sed of dead and skeletoniseil leaves 
together wnth fibres of desiccate«l grasses; the interior is neatly 
lined with silky seed down. The whole .structure strongly re- 
.seml)l(‘d a fortuitous as.seinblage of dead leaves similar to several 
clumps in the same creeper. The two eggs measured 18x12 nun., 
and were dull or faintly blni.sh-white in ground colour, heavily 
blotched and scribbled with purplish-brown; these markings 
wei*e concentrated in a iriride around the larger pole, as well as 
being scattered over the whole RUi*face. The eggs were very 
slightly incubated (Aniani, 29, xi. 1926). 

CiNNYaiS MKDIOCWS USAMBARICUS Gl'Ote. 

Native names as in last species. 

A cock bird was shot from a nest (measuring 170 x 100 mm. 
over all) which was attached to the terminal sprays of a high 
bramble-bush, so that the nest was nine feet from the ground. 
Externally it was constnicted of dry grass with a very little moss, 
internally felted with a thick layer of vegetable silk and a single 
whit^ fowl feather at the entrance-hole. The hen was twice 
flushed (on 2 1st and 22nd) from a single well-incnbated egg ; Uie 
latter measured 16x11 mm., and though the ground-colour was 
in reality whitish, it was so heavily overlain with chocolate that 
it was almost entirely obscured (PbtlHpihof, 22«xii. 1926). 

A second nest (measuring 200x100 mm. over $X\) was situated 
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ill a thorny slirub at a height of six feet from the ground. 
Structurally it agreetl with tlie first hut for the presence of 
several birds^ feathers at the entrance. Both the cock and hen 
bird were shot from the nest, whicli lield two very sliglitly- 
incubated eggs strikingly different from each other us well as 
from the egg fourni yesterday. One of these eggs had a greenish- 
white ground-colour, well streaked with brown and encircled with 
ptirplish-brown around the larger pole. The second egg was pale 
fawn or pinkisli-fawn, scantily speckled or streaked with darker 
{Phillipshof, xii. 1926 h 

PoooNOCiciinA ctt( |[;llata okilntalis Fischer tt Keichenow \ 

A hen of the Coastal Yellow-breast e<l Forest-Chat was shot 
from a nest practically upon the ground against a stump w’hich 
w'as itself certainly not more than eighteen inches high. Leaves, 
which also carpeted the forest- floor round about, had drifted 
against the stump until the nest w\hs so marvellously like its 
background that it would liave been impossible to detect it had 
not the bird left it. This nest measured some 150 mni. in 
diameter, and was very loosely constructed of dry grass w itli dead 
leaves and a little moss atlhering to the* grass; internally it was 
lined, at tlie bottom only, with a little vegetable iknvii and a 
feather or two. The €*ntrance was on the side. There were tw’o 
egf'S in the clutch, both of which held embrvos and measured 
21x14 mm. While one egg was greenish-white in ground- 
colour the otlier was buffy-white; both had the upper pole 
heavily marked with i*eddish- brown, and some flecks and spots of 
the same colour were scnttere<l sparsely over the rest of the 
surface. The nest and eggs showed a strong resemblance to those 
of the British Kobin, n near re]ati\e of this chat, though the 
situation w^as such as a Willow- Warbler would have selected 
(Phillipshof, 28. xii. 1926). 
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5. Hoporfc on the Deaths occurring in tiie Society’s Gardens 
during the Year 1927. By H. Harold Scott, M.D., 
F.ltC.P.Lond., D.P.H., D.T.xM. & H.Carnb., F.H.S.Ed., 
F.Z.S., Milner Research Fellow in Comparative 
Pathology, London School of Hygiene and Tropical 
Medicine ; Pathologist to the Society. 

[Received February 1928 : Read March 6, 1928.1 

It is gratifying to be able to report that again there has been a 
slight decrease in the miml>er of animals coming to autopsy. In 
1925 there was a reduction of 9 j>er cent, on the figures for 
1024 ; in 192(5 just over another 4 per cent. ; and during 1927 
the total was 1037, as comparp<l with 1150 for the preceding 
twelve months, a 9-per-cent, decrease. 

The monthly distribution in the various groups of Mammalia, 
Aves, and lleptilia i.s given in Table 1. 


Table I,-— Bhowing the Distribution month by month of 
Animals submitted to Autopsy during 1927. 


Month. 

Mauimalia. 

Ave*i. 

Reptilia. 

Total. 

Jaimary 

22 

43 

28 

93 

February 

20 

41 

17 

78 

March 

12 

35 

13 

60 

A|>ril 

16 

36 

18 

68 

May 

13 

30 

20 

63 

Jane 

so 

36 

12 

67 i 

, July 

38 

I “ I 

49 

122 

' Auguat 

14 

1 « i 

47 

92 1 

1 SeptemluMr 

88 

1 *» 

31 

88 j 

October 

S8 1 

! ^ 

24 

88 1 

17ovemb«fr 

19 ; 

1 1 

17 

89 1 

December 

64 

1 66 

9 

129 i 

Total 

S78 

1 *r4^ 

1 S86 

1087 j 


A* in my proviou* wpwte, for nurpow of oomparisoa 
Tnfito (3&kU« U.) i« f ivwi to rtow tlw total number and 
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the monthly distribution of those animals which die within six 
months of arrival in the Gardens. This amounts to 424, 
practically the same as in 192d (425), but with the smaller total 
of all deaths implies a higher percentage, namely 40*88 as 
compared with 36*95 in 1926. These, however, must be inter- 
preted in conjunction with the figures of the whole number of 
new arrivals, a matter outside the scope of my report. 


Table II. — Showing the Distribution month by month of those 
dying within 6 months of arrival. 


Month. 

Mammalia. 

Aves. 

Reptilia. 

Total. 

January 

8 

10 

13 

31 

February 

6 

11 

; 7 

24 

March 

7 

1 

9 

23 

April 

2 

11 

; “ 

.24 

May .. 

— 

6 

1 78 

19 

June 

16 

9 

! 7 

31 

July . 

25 

8 

i 34 

67 

August 

9 

13 

! 36 

68 

September 

9 

7 

1 23 

39 

October . . 

8 

17 

: 

40 

' November 

4 

15 

11 

30 

December 

19 

16 

3 

38 

Total 

112 

130 

182 

1 

424 I 

i 


Perhaps the best method, from the pathological point of view, 
of gauging the health of animals in the Gardens is the presence 
or absence of disease of an epidemic or communicable nature. 
Daring 1927 there has, fortunately, been no outbreak of an 
epidemic nature. This is certainly a matter for congratulation 
of those in charge of the welfare and hygiene of the animals. 
Table III. gives the number of cases of communicable disease 
examined at the Prosectorium. 

I would beg particularly to call attention to the fact that 
Anthrax this year has spared the Gardens altogether, and that 
Nocardiosis, which was responsible for 16 deaths among the 
Kangaroos in 1925 and 3 in 1926, has also been absent. This is 
a matter for jubilation and thankfulness, but not for complacence, 
for this is a disease which may disappear for several years and 
then crop up suddenly again in a manner as yet unexplained, as 
was mentioned in the special communication to the Society in 
1926 

^ A Sttepfeotbrix Ditesse of WsHibiei/’ 1995, ii. fp, 799-818. 
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Table III. — Giving the number of Cases of the Important 
Communicable and Preventable Diseases during the Year 
1927. 

(The figures for the previous year are given for comparison.) 


] 

i 

Diseaso. 

Mauiinalta. 

Aves. 

1 Reptilia. 

Total. 

1927. 

1920. 

1927. 1 

1926. 

1927. 

1926. 

1927. 

1926. 


Tuberculosiw 

Tuberculoma and 

13 

38 

1 1 

13 

3 

3 

28 

54 

Mycosia 


11 

' 17 . 

19 

~ ■ 

— , 

17 

30 , 

Mycosis 

3 

8 

. 27* 

48 1 

1 1 

9 

31 

65 

“Enteritis” . ... 

Rickets and allied 

20 

20 

; 32 ' 

1 ' 

82 

! 25 ; 

20 

! 77 , 

128 

conditions (Oateo- 
nialacin,Oateopoi*o8ia. 

, <)steiti.s fibro.aa, etc.). 

19t 

32 

1 

1 <5 

i 

10 i 

i 

1 ' 

1 ; 

! 

26 

23 

Pulmonary ; — 



i 



1 

! 


Oapillary Hroiicbitis 

14 

10 1 

i 14 

27 i 

16 

25 

44 i 

68 

Lobar Pneumonia 

3 

« i 

: 18 

10 i 

7 

11 

28 

27 


* 111 SIX others Mycosis was present, but in an early stage, and took little if any 
share in eauvinj; death. 

t In three others there were signs of old rickets, and death was due to other 
<»aBe8. 

1. Tuberculosis. 

The number of cases of lliis infection was largely swelled in 
192t) owing to an epidemic in the Monkey House. This year 
there has been no epidemic, and the total has again fallen ; it is 
satisfnetory to be able to state that the figure for mammalian 
cases i.s cons'derahly lower than in 1925, before the outbreak. 

The 13 mammalian cases were: — 

Two Axis Deer, two Virginian Deer, a White-bearded Gnu, 
an Abbott’s Duiker, a AVaterbuck, a Thar, a Grey Mongoose, a 
llhesus Macaque, a Humbolt’s Woolly Monkey, a Hamadryas 
Baboon, and a Kangaroo. 

Some of these presented the usual typical lesions, and need not 
he referred to in detail. Suffice it to say, that in three of the 
four Deer the infection was respiratory in origin and in an 
advanced stage in the lungs, but in none were any “ perles ” 
present. In one of the Viig^inian Deer (D.B. No. 879/27) the 
disease had entered by the alimentary ix>ute. The animal had 
been born in the Gardens and was 18 months old. Tuberculous 
ulceration was present at the lowest part of tlie small intestine, 
but the cascum and the large intestine were much more severely 
involved. In the colon there were large ulcers, three of them 
extending almost completely round the lumen, while at the 
junction of the small and krge bowel was to be seen an excellent 

6 ^^ 
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example of the uncommon condition of a thick caseated collar of 
tuberculous deposit. The lungs had been invaded secondarily by 
way of the pulmonary circulation, so that both these organs 
contained scattered miliary lesions. 

In well-marked contrast to these were a White-bearded Gnu 
(No. 456/27) and the Waterbuck (809/27). The former, Conno- 
chiHes albojubatuSy was 8 years of age and had been born in the 
Gardens. The only symptom noticed was that it had seemed to 
be getting thinner (luring the two or three weeks preceding 
death. There were numerous “ perles^* on the serous membraneSy 
and calcareous masses in the liver, spleen, and some of the 
lymphatic glands. It is certainly a matter for wonder that the 
animal lived so long. There was hardly any recognizable lung- 
tissue left, each organ being largely converted into a vast, hard, 
board -like caseated mass breaking down here and theie to 
the formation of cavities. The pericardium also contained many 
hard, caseated, and calcareous nodules. 

The condition found in tlie 'Waterbuck closely simulated the 
last. The pleurao were adherent and presented “ perles ” in 
enormous numbers ; all three lobes of the right lung and the 
upper lobe of the left contained hard caseated and cretaceous 
masses, but none actually calcified ; the lower lobe of the left 
lung was softening and breaking down to the formation of 
cavities. In spite of the advanced state of the disease in the 
lungs, no other viscus was found to be involved. This aiiinial 
had given birth, 36 hours previously, to a slightly premature calf. 
Examination of the latter revealed no macroscopic evidence of 
tuberculous infection. 

The case of the Tha,r, ffemit^^agtcs jemlaicu$. No. 641/27, waa 
of great pathological interest. It had been more than 1 1 years in 
the Gardens, and had presented no symptoms until the morning 
of its death, when it was noticed to be suffering from marked 
respiratory distress, and died whilst it was being conveyed to tlie 
Sanatorium, It was believed to be an old animal, and had at one 
time or another fought and overcome all the other males on the 
Mappin Terrace, wliere it reigned supreme and ruled by terror. 
At the post-mortem examination the lungs were seen to be 
oedeinatous and ballooned, petechiee were present on the pleural 
surfaces, there were weak pleuro-perioardial adhesions on the 
left side, and about 1 500 c.c. of clear amber-coloured fiuid in each 
pleural cavity. In the pericardial cavity was 500 c.c. of similarly 
coloured fluid, but it coagulated partly on standing. There was 
very marked atheroma, not only of the aortic arch, but also 
extending down the thoracic aorta, and the aortic valves were 
calcareous. There was atheroma of the pulmonary aorta also, 
but to a less degree. At the base of the septal cusp of the 
systemic aorta, in the membranous part of the interventricular 
septum, was an opening I cm. in diameter with a hard, calcified 
edge, and allowing free communication between the ventncles. 
As regards other organs, the liver and kidneys were tough audi 
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librotic, as was also the spleen, but in the last were hajmorrhagic 
areas resembling infarcts. Portions of the lungs, liver, kidneys, 
and spleen were taken for microscopical examination, and it was 
a matter of considerable surprise to find tubercles with giant-cell 
systems and bacilli in consi<lerable numbers in the lungs and the 
spleen, fewer bacilli in the kidney, where the giant-cells were 
much in evidence, but none in the liver. 

This case is of particular interest for three reasons : — 1. Con- 
genital cardiac defects are believed to be rare in animals (this 
point is again dealt with subsequently), and this one, with a 
serious lesion, had not only lived in ap})arently excellent health 
for many years, but had more than held its own in the battle of 
life. 2. The existence of tuberculous disease, although it proved 
to he fairly widespread, was quite unsuspected, even when the 
post’ mortem examination was made. 3. The existence of tuber- 
culosis together with congenital cardiac mischief is very rare. 

Another case of more than passing interest was that of a 
Kangaroo Island Kangaroo, Macropiis fuliginosus^ No. 654/27. 
Tuberculosis is far from common in these marsupials, and it is 
intended that a fuller account will be given elsewliere ; but a few 
remarks may be made here. The lungs showed a few miliary 
tubercles ; old pleural adhesions were present on both sides, and 
pleuro-pericardial on the left. The axillary glands on the right 
side were swollen and full of creamy or cheesy pus, and one was 
adherent to the capsule of the slioulder-joint, which itself was the 
site of a tuberculous pyarthrosis. There was a large glandular 
mass at the root of the neck on the left side of the trachea, as 
large a.s a tennis-ball, ami this mass had broken down to form an 
abscess, while the cervical glands above it were enlarged and 
purulent. The iliac and lumbar glands ^vere enlarged and 
caseated, as were also those along the abdominal aorta, and there 
was a caseated adherent aggregation of glands at the coeliac axis. 
The thoracic duct was stufied with caseous pus. Finally, there 
were tuberculous abscesses in both sterno-clavicular joints. 

The culminating point of interest is that portions of tissues 
were sent to Dr. Stanley Griffith, who has written to say that 
the type of tuliercle bacillus was the avian. 

Three cases among the monkeys were of sufficient interest to 
warrant mention in a little more detail. The first of these was 
a Ebesus Macaque, No. 166/27. The primary portal of entry 
was respiratory, there being a condition of bix)nchopneumonic 
phthisis of both lungs, to a greater degree in the right. Thence 
the infection had spi'ead to the pleurae and by the lymphatics 
accompanying the internal mammary nitery to the infra- 
clavicular glands. These liad in due time become caseated, and, 
from the blockage tbei^by occasioned, backflow had occurred to 
the inferior surface of the diaphragm and the falciform ligament 
of the liver. Qeneiwlmtion at a later period by way of the 
blood»8tream bad led to invasion of the viscera — kidneys, spleen, 
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liver, mesentery, left Fallopian tube, and the right cerebral 
hemisphere, where there was a small caseated focus, 0*5 cm. in 
diameter, in the posterior Ilolandic gyrus. The pericardium also 
was thickened and tuberculous, and beneath it inilia were seen in 
the myocardium. The mesenteric tubercles were all very small 
and lay along the vessels, and those beneath the diaphragm were 
situated along the termination of the superior epigastric and the 
inferior phrenic arteries. It is imjwrtnnt to note that the 
intestine itself was not affected, nor the mesenteric glands, the 
invasion of the peritoneum, mesentery, and abdominal viscera 
being vascular in origin. 

The second was a Hnmbolt’s Woolly Monkey, No. 705/27, 
which, however, did not contract the disease in the Gardens, 
since it died with widespread and severe lesions less than a 
fortnight after arrival. The lungs were heavily infected with 
milia, while the lower lobe of the left was solid and caseated. 
There were numerous tuberculous ulcers in tlie small intestine 
and a general infection of the peritoneum and invasion of the 
liver, spleen, and kidneys. The mediastinal glands were matted 
aii<l caseated, and the abdominal glands presented a condition 
known in the human subject as Tabes mesenterica. 

The third was a Haniadryas Baboon, and is worth recording 
because* of the character and distribution of the lesions, and 
because this is the first of these animals dying from this disease 
within my experience. It was a feniale wdiich had been in the 
Gardens for nearly six months, hut fortunately had not been 
transferred from the Sanaboriunj to the Monkey Hill, or there is 
good reason to fear we might have had a devastating epidemic to 
record. The lesions were peculiarly distributed. Both lungs 
were studded fairly thickly with milia, while the pleura* were 
uninvolved. The intestines were free from disease, but. the 
omentum was dotted over with milia, as was also the mesentery, 
the tubercles in the latter being more densely disposed along the 
course of the vessels. The liver, spleen, and kidneys were 
studded with small tubercles, scattered throughout in the two 
former organs, but confined to the cortical regions in the last. 
Spai-ae tubercles were present on the external aspect of the 
urinary bladder, none in the interior; they were seen also on 
the anterior and superior surfaces of the uterus and in the left 
broad ligament. The bladder, uterus, and broad ligament were 
almost certainly infected by contiguity from the peritonea! 
tubercles. 

The cervical and axillary glands on both sides were affected ; 
they were enlarged, boggy, and broken down, to become, as it 
were, mere sacs of pus, while one of the axillary on the right side 
had adhered to the capsule of the shoulder-joint and opened into 
the joint itself. Both stei*no< clavicular junctiens were bathed in 
creamy tuberculous pus, possibly from infection of the infra- 
clavicular glands, and these two had united above so that the top 
of the sternum itself was also bathed in similar pus, The tonsils 
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were quite healthy, and the cervical adenitis }iad not arisen from 
infection there. Within the skull a caseous focus was found in 
the meninges lining the bone over the left post-liolandic area, 
measuring 1*4 x 0*9 cm., and indenting by pressure the cerebrum 
beneath, although no tubercles were found elsewhere in the 
brain or meninges. 

Of the Avian cases there is not much to note. Most of them 
showed typical lesions, but the following four exhibited peculi- 
arities worthy of brief mentioji : — 

The first two were Hybrid Burmese and Black- winged Pea- 
fowls, Pavo muticus X Favo nigripennia. Both were bred in the 
Gardens and hatched the same day, August 22nd, 1923. The 
first died on April 26th, 1927, the second on October 3rd. 
The first had for a fortnight or so preceding* its death showed 
signs of difficulty in breathing, and had held its head extended, 
with obvious respiratory distress, after the manner of a bird 
infected with Syngamus (Gapes); in fact, this was believed to 
be the cause. At the aiitopsy, there was found, 3 inches above 
the level of the entrance of the trachea into the thomx, a granular 
tuberculous mass the size of a large pea, which acted like a ball- 
valve and practically blocked the lumen of the trachea ; it had 
infiltrated the wall of the trachea end could be seen from the 
outside of the tube. There was no Hyngamus. The lungs were 
not affected. There was, however, tul>erculosi8 of the alimentary 
tmct, also somewhat anomalous in character. In the upper part 
of the duodenum vv^us a nodular mass as large as a walnut, 
yellowish-grey iu colour, infiltrating and extending through to 
the serous aspect ; just above this were two smaller deposits the 
size of peas. In each caecum was a caseated tuberculous mass as 
large as a cob-nut, and in the left a second nodule a iittle smaller. 
The liver and spleen contained miliary tubercles, sparse in the 
former and small, more numei*ouA and rather larger in the latter. 

In the second Peafowl the disease was again strangely dis- 
tributed, There were three tuberculous ulcers, the largest, 
measuring 2 cm. in diameter, being found in the duodenum ; 
the other two, 1*5 and 1*0 cm. respectively, in the lower ileum. 
Small tubercles were visible on the serous aspect of these ulcers. 
In the spleen there were numerous deposits, but none larger than 
hempseed ; in the liver they varied from milia to the size of a 
small cherry. In the head of the pancreas was a tubei-culous 
deposit. The only other site found involved was the thyroid 
gland. Both lobes of this were much enlarged, appearing like 
walnuts, the right measuring 4x2*5 cm. and the left 3*8 x 
2*2 cm.; each was made up of closely-aggregated grey-white 
deposits. 

A third case was an All-^green Parrakeet, Broiogerya tirica^ 
NOi 9AII27^ which had been in the Gardens for over 13 years. 
The int^tine pi^esented the form of tuberculosis in which nodules 
ctf deposit are present in the deeper layers of the wall, beneath 
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the serous coat, but without ulceration. The liver contained a 
few bacilli ; in the spleen the foci, though small, were numerous 
and bacilli very many. Death was due to lobar pneumonia; 
both lungs were of a dark purple colour, and each sank as a whole 
in water. In sections of the pulmonaiy tissue sparse tubercle 
bacilli were seen, but the pneumonic condition was not itself 
tuberculous. 

Lastly, a Smew, Mergm albellus^ No. 605/27, with a large 
tuberculous abscess of the pad of the right foot, with necrosis of 
middle phalanx. Careful search failed to discover any other 
focus of the disease, which had, therefore, probably been con- 
tracted by local inoculation of a wound. The tubercle bacilli 
^vere present in large numbers, but secondary contamination had 
arisen to produce the extensive cellulitis and the malodorous pus. 

There have been three Reptilian cases during the year, and 
tuberculosis amongst such is sufficiently rare to merit detailed 
mention. It may be noted that in 1925 and in 1926 there were 
also three cases in each year. 

In 1925 the cases were a Rough-eyed Cayman, Caiman 
scleropsj a Vivacious Snake, and Red Rattlesnake; in 1926 
another Rough -eyed Cayman, an -Ssculapian Snake» and a 
Mexican Black Iguana ; in the year under review a Puff-Adder, 
an African Python, and a Gangetic Terrapin. Those for the first 
two years liave already been spoken of in the respective annual 
reports. 

The two snakes, Puff-Adder and Python, had undoubtedly 
brought the disease with them, for the latter had been in the 
Reptile House only 16 days and the former less than a month. 
In the case of the Python, Python sehce, the disease was respira- 
tory ; there were numerous tubercles, each of the size of hemp- 
seed, scattered through the lung; there were a few minute 
deposits also in the liver, but none were found elsewhere. 
Tubercle bacilli were very numerous in sections of the lung- 
tissue. 

The Puff-Adder showed two abscesses witli purulent, not 
caseated, contents, situated in the subcutaneous and muscular 
tissues near the cloaca ; there was, however, no connection 
between the abscess and the intestine, which was, in fact, quite 
* healthy. The bones were not invaded, but the intercostal muscles 
were necrotic over the area involved. 

The third, the Gangetic Terrapin, Tri<myx gangetiem^ 
No, 99/27, was brought over from Malay in June 1925 and 
died on February 3rd, 1927. The origin of the tuberculous 
infection in this case is a matter mther of conjecture. The 
viscera all appeared to be healthy. The plastron was perforated 
anteriorly to the right of the middle line, and there was another 
perforation in the membranous portion po^seriorly on the same 
side. On removal of the plastron, the inner ends of both clavicles 
were seen to be necrosed, with erosion of 1-1*5 cm. of the shafts 
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the whole being bathed in pus. Beneath the posterior per- 
foration was another abscess in connection with the erosion 
of the right ilium. Whether the bacilli had entered by way of 
the eroded plastron, or whether there had been tuberculous 
affection of the bones or joints with the formation of abscesses 
which had made their way through from within, it would be 
difficult to say with certainty, for most terrapins show erosions 
of the plastron, and lodgement of organisms, B. 7ieci*ophoru8, 
B, tuberculosis, etc., could very easily occur. In this case the 
external diameter of the perforation was greater than the 
internal, and this is more in favour of the hypothesis of entry 
through a damaged plastron, while, on general grounds, if the 
disease started from within, there would be greater likelihood of 
widespread internal mischief than perforation of a hard plastron. 

2. Mycosis, 

There has been less than half the number of cases of mycotic 
infection as compared with 1926, and reference to Table 111. will 
sliow that reduction has taken place in all classes. Among the 
Mammalia there have been but three, and all these were met 
with during the final quarter of the year. They were all 
(Jercopitheques, but of different species, namely, a Mona, a 
Burnett’s, and a Tantalus Cercopitheque. In oidy one of the 
three, the Burnett’s Cercopitheque, was the mycotic infection 
the actual proximate cause of death. 

The Mona Cercopitheque, No. 906/27, had been nearly two 
years in the Gardens. The actual cause of death was an ulcera- 
tive gastro-enteritis ; the stomach showed many small discrete 
ulcers with inflamed borders, and in the lai^e intestine there 
were others wiiose bases were oc<;upied by sloughs. Mycotic 
inversion was evidenced by hard, yellow notiules, up to 7 mm. in 
diameter, in the spleen, and by larger numbers of quite small 
deposit.s in the liver, mostly miliary, some the size of a hempseed. 

In the Tantalus Cercopitheque, No. 1007/27, which had been 
in the Gardens less than 3 months, the liver and spleen were 
again the organs chiefly involved. In this animal the foci 
generally were smaller, pin-point to millet seed, more numerous 
in the spleen. The mesenteric glands were also enlarged (in the 
Mona they were normal), and one was seen to be deflniteiy 
caseating in places when opened, the others being swollen and 
congest^ only. No acid-fast bacilli were found in any of the 
lesions. There wiws also present a patchy bronchopneumonia, 
but death itself was due to a severe intestinal ha 3 moiThage. 
The lowest 8-10 inches of the small intestine were filled with 
fresh blood. The cause of this could not be discovered ; the wall 
of the bowel was very congested and presented minute petechiie, 
but no ulceration. 

In the Burnettes Oeroopitheque, No. 946/27, the distribution 
of the lesions was the same as in the last case, but they were of 
a myer0 degree^ The liver was studded fairly densely with 
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fiiuall deposits, mostly miliary in size ; in the spleen the foci were 
much larger, varying in size from 2 mm. to as much as 1 cm. in 
diameter. In the tail of the pancreas was a minute focal deposit 
measuring 1-2 mm., and seveml of the mesenteric glands were 
enlarged and congested, and when cut across, some of them were 
seen to contain minute deposits, pin-point to pin-head in size. 
No lesions were found elsewhere and no acid-fast bacilli were 
detected in any of the tissues, but from the spleen a pure culture 
of Aspergillus famigatus was grown. 

Amongst the Birds there have been 27 instsnces this year. 
This number does not include six in which the infection was in 
an early stage, limited in distribution, and took no share in 
causing death. 

The lesions in the majority were typical and need not be 
recapitulated here. Tho portal of entry in the 27 referred to 
was respiratory in 18, alimentary in 7, and uncertain in 2. 
One of the last was a Brown-shouldered Hangnest, No. 328/27, 
in wliich there was a single small deposit in each lung, while the 
liver was studded thickly with focal dejwsits to the size of a pea, 
in places confluent. Statistics have shown that the liver is the 
organ most often involved in avian mycosis, and may be the 
only one. 

The other case of doubtful mode of invasion was a Mitred 
Guineafowl, No. 854/27. In this thei*e was a focal deposit in 
each lung, that in the right measuring 1*5 X 1*5 cm., that in the 
left a little less. In the intestine was a single ulcer over 
a mycotic deposit in the bowel wall ; the liver was studded witii 
foci, while in the spleen was a single focus, cm. in diameter. 
The pulnionai'y lesions seem to be the more advanced, and the 
intestine may have been invaded secondarily to this, but it is 
unusual to find tuo isolated foci of practically the same age in 
different lungs. On the other hand, if the pulmonary infection 
was secondary to the intestinal, one would expect the lesions in 
the lungs to be much more generalized. There is, of course, the 
possibility of dual infection nearly simultaneously. 

Certain of the mycotic cases are worthy of more detailed 
account. 

(1) Firstly, there have been several Penguins dying from this 
infection. Some had, as far as could be ascertained, not been 
long in the country, and all six which died here had probably 
brought the disease with them, as the condition waa in all in a 
very advanced stage. These birds would seem to be very 
susceptible to mycotic infection, analogous, perhaps, to tlxe sus- 
ceptibility to tuberculosis of the non-immonized native races iii 
Man, which fall ready victims to the disease when they come into 
contact with tuberculous infection inseparable from civilization. 

There have been four King-Penguins^^k and a Sock- 

hopper Penguin. Only one has been as long as 8 months in the 
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Gardens, and two only 2 months. The findings of one are 
fairly typical of all and may be given as an example, the others 
difiering in small degree only. 

King Penguin, Apienodytea patagonica, No. 272127, nearly 
3 months in the Gardens. The left lung was occupied by a vast 
solid mass of mycotic growth, no lung-tissue being recognizable 
to the naked eye ; in the right lung were numerous deposits 
scattered generally through the parenchyma. The left posterior 
air-sac was lined throughout with growth, while the right 
posterior sac contained many small deposits, and there u ere small 
discrete foci in the anterior also. In other instances an air-sac 
might be entirely occupied by growth which formed, as it were, 
a cast of the cavity. 

(2) A Common Peafowl, No. 766/27. Both the caeca were 
packed and distended with mycotic growth which had infiltrated 
the wall and infect e<l the overlying peritoneum. The liver w^as 
heavily involved and was very friable, almost crumbly to the 
touch, and from this, hy contiguous extension, the growth had 
invaded the inner aspect of the abdominal wall. The liver had 
ruptured, whether spontaneously or from sonm blow - a, very 
slight one would have sufficed,— and death was caused by the 
resultant lueniorrhage. 

(3) A 8atin Bower- Bird, Pi Honor hyndtKs violaceus. No. 890/27, 
showed widespread respiratory invasion. The left anterior air- 
sac was lined by growth and the left posterior was filled by it as 
with a cast ; there were f(»cal deposits in the left lung and in the 
right posterioi' air-sac. By direct spread from the riglit posterior 
sac the peritoneum had be(;ome invaded. Death from this heavy 
invasion would pinDhably have soon taken place, but this was 
forestalled by a rupture of the liver, 1 cm. in length at the 
antero-superior surfac/e, uitii consequent fatal hiemorrhage. 
The organ itself was fatty ami unduly friable. 

(4) A Pied Grallina, Grallina picata^ No. 783/27, presented 
somewhat peculiar lesions. The anterior air-sacs were lined 
almost throughout by mycotic deposits, although the lungs 
themselves and both posterior sacs were intact. The peritoneum 
had been attacked and the intestinal coils were matted together 
with easeating deposit. Lying in the abdomen, on the front of 
the right kidney, was a small lead-shot. Round this thei e had 
collected a focus of mycotic growth, or perhaps one should say 
growth appeared to have taken place round this as a nucleus. 

The actual cause of death was a hemorrhage into the pancreas; 
the gland waa almost entii-ely occupied by so extensive a collection 
of blood that the gland-tissue itself was only just recognizable. 

(6) Lastly, a Sooty Rail, LimnopardoLis rhytirhynchua, 
No. 7S9/27. This bird had probably arrived here already 
infected^ since it died with severe respiratory disease some three 
months later. All four air-sacs were lined throughout by a 
continuous sheet of mycotic growth ; there u ere several deposits 
scattered in both lungs; tm peritoneum showed widespread 
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invasion, probably by direct extension from the posterior air- 1 a cs. 
Both kidneys were similarly covered, and from the latter the 
mycotic coating could be peeled off, leaving the organs themselves 
intact. There were extensive injuries to the head and neck ; 
the bird’s companions had administered the coup-de^grdce in the 
only way at their disposal. 

It is satisfactory to note that there has been only one isolated 
instance of Reptilian mycotic infection, and that was seen in the 
early part of the year, before the migration to the new Reptile 
House. 

This case was a Tigrine Frog, which showed an enlarged and 
tough liver, studded throughout with greyish translucent deposits, 
and the kidneys were fused together in the middle line (probably 
a congenital abnormality). To the left of this was a mass which 
was at first considered to be a neoplastic tumour, but when 
examined microscopically, proved to be the condition described in 
1926 in a special communication at a Scientific Meeting of the 
Society, as Monilia hatraclma^ together with new growth (see 
p. 119). 

Though found in Bull-Frogs, Bl.ack- spotted Toads. Scpinre- 
mnrked Toads. American Toads, African Toads, Indian Toads, 
White’s Tree-Frog, the Comuion Frog, and in Salamandeis, this 
mould had not previously been recorded here from a Tigrine 
Frog. 

3. Tuberculosis and Mifcosis. 

Instances of combined infection by both of these have been 
much less during 1927. as is shown in Table III. Whereas in 
the previous year there had been 11 cases among mammals and 
19 among birds, this year there have been 17 avian and no 
mammalian cases. 

Of these 17, there were thirteen in which the portal of entry 
appeared to have been alimentary, and only two definitely 
respiratory- In one of the others, though doubtful, the latter 
was the more probable. This was an Upland Goose, Ko, 53/27. 
Both lungs were dotted with miliary deposits, while in the lower 
part of the left wa^ a larger, focal, lesion, the size of a small pea. 
Growth was present in both posterior air-sacs, in the left forming 
a thick lining to the whole cavity, in the right scattered foci 
beginning to coalesce. The intestine, liver, and spleen were 
intact, but lying on and loosely attached to the lower part of the 
gizzard was a large mass the size of a crown^piece, flat or slightly 
concave against the gizzard posteriorly, convex anteriorly. This 
consisted mainly of mycotic growth, but intermixed a few 
acid^fast bacilli. I am unable to explain the origin of this focus. 

The second case of uncertain poilial of entry was a Garolina 
Duck, Lamprormsa sponsa^ No. 684/27. The liver and spleen 
were both studded thickly with mycotic deposits, and no tuber- 
culous admixture could be detected in either of these organSf The 
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lungs and air-sacs appeared to be quite healthy, but at the base of 
the “ quacker ” there was a caseous mass, the size of a cob-nut, 
containing harder cretaceous foci. Tliis was mainly mycotic in 
nature, but a few tubei'cle bacilli were also found. 

Two other instances are worthy of record : one as an example 
of the intensity of infection which may be present although tlie 
bird may be to all appearances in good iiealth, the other to 
demonstrate the necessity or, we may say, advisability of exam- 
ining conditions presumably mycotic for the presence of tuber- 
culosis also. 

The first wiis a Double-spurred Francolin, Francolinus biccd- 
caratus^ Ko. 184/'27. This bird had exhibited no symptoms of 
disease prior to its being found dead, nor was it at all emaciated. 
At the autopsy the left lung was found to be infiltrated with many 
yellowish mycotic nodules to the size of hempseed ; the air-sacs 
on the left side, atiterior and posterior, had thickened walls from 
growth of mycosis. The pericardium was thickened, opaque, and 
infiltrated with similar deposits. All along the intestine, on its 
serous aspect, at short intervals were swittered mycotic nodules 
to the size of a small pea, and the mesentery w’as also invade<l. 
These lesions appeared to be mycotic, acid-fsst bacilli not being 
found in the lung or air-sacs and very sparse in the intestinal 
foci. The liver was densely studded with yellowish nodules and 
also with innumerable minute grey milia. In the latter tubercle 
biunlli were found in enormous numbers, in some of the former 
none, in others a few. It seems a fair inference from this that 
the larger nodules w’ere mycotic, whereas the minute grey milia 
were tuberculous, and that in some cases the latter coincided 
with the former. The spleen showed a condition similar to that 
of tlie liver, but the noilules were loss numerous. The pancreas 
was pink and congested and contained several yellowish nodules 
in the interior ; sections of this gland showed tubercle bacilli in 
considei*able numbers, but not nearly so many as in the liver and 
spleen. In the left kidney there was a focal lesion which also 
showed the mixed infection. 

Seeing that mycosis is a disease with a chronic course, while 
tuberculosis is rapid, and that in most (though, it is true, not 
in all) cases tuberculosis is associated with wasting, whereas in 
mycosis the nutrition is well maintained, and, thirdly, since 
mycosis produces little if any harmful toxin, death occurring in 
most cases of uncomplicated mycosis by mechanical efifects or so 
extensive a growth as to interfere seriously witli function, in the 
majority of cases the mycotic infection is the primary and the 
tubercle bacilli become implanted later. In the cn ses just recorded , 
it would certainly seem to be so, for in the lung and air-sacs, with 
extensive mycotic growth, there were no tubercle bacilli founds 
whereas in the liver, spleen, pancreas, and kidney they were 
present together with mycosis, and in tlie intestinal lesions the 
latter was severe but the bacilli few. 

, ^is point is worth streissing because in human pathology the 
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sequence is usually, if not always, the reverse of this — a mould 
infection being found as a secondary invader of a tuberculous 
oavity, for example, in a phthisical subject. 

Lastly, the esse of a Glossy Ibis, Flegadis falcimllus^ No. 674/2 7 
This bird died in the Eastern Aviary after a stay of 13 mouths. 
Uotii posterior air-sacs were lined with mycotic deposit, the 
right anterior containing several discrete flakes, while the left 
anterior was filled with a complete cast of growth. In the right 
lung were a few small deposits, the left being free. The peri- 
toneum was opaque, thickened, and covered by growth which had 
apparently spi*ead from the adjacent posterior air-sacs. The 
spleen was also covered and the kidneys were in the same 
condition ; the growth could be peeled off both these organs, and 
on section no invasion could be seen from the interior. AspergiUus 
fumigatus was grown from these lesions, and tuberculosis was not 
suspected until microscopical examination of sections of the 
tissues was made, when the bacilli w’^ere found to be present, 
but not in large numbers. There can be no doubt, I think, in 
this case that the tuberculosis was a secondary implantation on the 
mycotic site. 

4. Enteritis. 

This condition, or group of diseases, is responsible for more 
fatalities than any other single factor. The same is noted in all 
Zoological Gardens. During 1927 there has been a marked 
improvement in this respect as compared with the figures for 
recent years. From 165 recorded in 1925 there was a fall to 128 
in 1926, while in 1927 there have been but 77— that is, a reduc- 
tion of 23 per cent, and 40 per cent, respectively in each of the 
last two years on the figures of the year preceding. 

Various organisms have been isolated during the year from 
cases of enteritis ; and seeing that from several animals presenting 
similar symptoms and the same morbid appearances an organism 
was obtained, not\)nly from the intestine, but also from the bile, 
the portal blood, and the spleen-pulp, which gave identical 
morphological, cultural, and fermenting reactions, it is probable 
that this was causative of the disease in question. 

Thus, from a Serval, No. 208/27, three Scottish Wild Oats, 
Nos. 405, 409, and 410/27, and a Leopard, No. 430/27, a Gram- 
negative bacillus was isolated which was motile and fermented 
glucose, lactose, maltose, and raannite, with the production of acid 
and gas, but caused no change in saccharose or dubite; rendered 
milk acid without producing any clot. 

In all five of these cases there was intense inflammation of the 
intestinal mucosa practically throughout; in some, scattered 
peteebiae were present, but in no instance was tiiere any ulcera- 
tion. The contents were of a mucoid or mticcqmrulent nattire, 
and in the Wild Cats in part haemorrhagic. The mesenteric 
glands were swollen and some were pink from congestion. 

Again, in my report for 1926, 1 referred to oerbin eases among 
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the reptiles dying with a severe membranous form of the disease. 
The symptoms during life were obstinate diarrhcea, the evacuations 
being, in very acute cases, blood-tinged and at times containing 
portions of slough. The morbid changes seen at autopsy were an 
acute inflammation of the bowel usually more intense towards 
the lower part, and a mucosa covered or replaced by an ashy- 
grey membrane, the wall of the bowel being not only inflamed, 
but thickened and (edematous. Secondary absc^esses were not 
infrequently present in the liver from the development of a 
portal pyjemia. The organism obtained from the portal UcK)d, the 
liver, the splenic pulp, and the depths of the intestinal mucosa in 
those which wei^ sufficiently fresh to ofl*er any hope of successful 
bacterial cultivation, was a Gram-negative bacillus, actively 
motile, producing acid and gas in dextrose, maltose, and mannite, 
acidifying but not clotting milk, producing indol in four or 
live days in peptone media, but having no action on lactose 
or dulcite. 

Thirdly, three Hamadryus Baboons died eaily in the year, 
showing the same pathological cluinges as those described in a 
small outbreak among these Baboons in 1925 — namely, an acute 
inflammation of the small intestine with ulcei*ation in the lowest 
part towards the ileo-ciecal valve From two of these was isolated 
a bacterium giving the reactions of B, cerirycke^ type Mutton.” 
This had been found in 1925 and confirmed by Prof. Ledingbam, 
of the Lister Institute; and as since then I had obtained 
some potent immune serum for this bacillus, I was able to 
prove it serologically as well as culturally and morphologically 
ill the present instance. Dr. Vevers was at once informed of 
this result, and mejisures vrere taken by him which proved 
eminently satisfactory, no further cases having occurred, and 
what might very easily have proved a devastating epidemic 
was averted. 

Twocsases have been included under the heading of “ Enteritis ” 
— namely, the Orang-utans, Ginger ”and “ Nellie,” Nos. 792 and 
926/27, respectively. They were not instances of enteritis in the 
strict sense, death being due in each case to a severe Colitis of 
a dysenteric character, while the small intestine appeared 
liealthy. In the former the inflammation started at the hepatic 
flexure, whei'e the mucosa presented scatteied petechiie ; these 
inoreas^ lower down, so that the descending colon and rectum 
ahowed an intensely inflamed surface with small crateriform 
ulcers, the intervening tissue being swollen only — in fact, a 
picture suggestive of amoebic dysentery in Man, though no 
Ammbfe were found in the tissiw of this animal. 

In t^e latter there was a dififerent picture, though the area 
involved was the same. The muOotts surface of the whole of the 
large intestine was acutely inflamed ; in fact, the actual mucosa 
was praetically removed, its place being taken by shallow, 
greenisfargrsy ulcers with slougbs, an almost gangrenous surface, 
Witll t^e snml} rsmnstitsof the mucous nmmbmne red and angry- 
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looking. In this case the condition more closely resembled that 
of human bacillary dysentery. 

There is no need to dilate further on these. Mr. Reginald 
Lovell, who in September last was appointed to the staff of the 
London School of Hygiene and Tropical Medicine as Assistant to 
the Research Fellow in Comparative Pathology, has undertaken 
bacteriological investigations on some of the cases of enteritis and 
of pulmonary diseases here since he took over the duties of his 
appointment on October 1st, 1927, and appended to this report is 
a record of his investigations during the final quarter of the year, 

5. Rickets and allied affections of the bones, including osteo- 
porosis, osteomalacia, and osteitis fibrosa, have been more 
numeiDUS among the mammals during the year, but avian cases 
have been less, so that (vide Table III.) the total is only three 
above that for 1926. Some of these bad been but a short time 
in the Gardens, and Inid come in with the disease already 
established. Thus, a Red Tiger-Cat, Felis aurata^ No. 419/27, 
died twelve days after arrival. The thorax was much deformed, 
the sternum being bent in about the middle so that the antero- 
posterior diameter of the thorax wa.s narrowed to half. The 
ribs were soft and showed much l)eading, and the wrists were 
swollen at the epiphyses. An important condition, perhaps the 
actual cause of death, was a severe diaphragmatic hernia, the 
whole stomach and part of the spleen having passed into the 
thorax by the pleuro- peritoneal opening. 

Four others were Common Marmosets. These animals are 
often kept as pets by private individuals, are overfed, usually 
wrongly fed by theii* indulgent |>ossessor8, and when they become 
rachitic and ill, “ liaving received every attention and cossetting 
at home, they are deposited in the Society’s Gardens, in some 
cases in extremis. Some die from the rickets, the fatal issue being 
accelerated by a broncho-pneumonia or by fretting. Two such 
died in August, one after 9 days, the other in 12 days. 

Two other Marmosets, Nos. 756 and 812/27, which had been 
here 3 and 4J months respectively, showed an extreme grade of 
the osteomalacic or soft-boned type of the disease. The sternum 
in each case was deformed and much bent, the ribs could be 
folded up without breaking, the iimb«>bone8 could be curved for 
more than a quarter of a circle without fracture, the bones of the 
pelvis were unduly soft, and those of the calvarium were indentable 
with slight pressure. 

In a Lion -Marmoset, Lemitocehus rosaliu^ No. 696/27, there 
was a mingling of the two conditions. The various lesions need 
not be described in detail, but the chief were a ffeformity of the 
sternum, which was bent at a reentrant angle of 90 degrees ; the 
ribs were markedly compressed laterally, distorted and beaded, 
both internally and externally. The epiphyses of tlie long bones 
wei*© not enlai^ed, but the bones themselves were softer than 
normal^ and dight pressuie resulted in the production of green- 
stick fractures. 
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Two Others, a (Jra.ml)iaii Mongoose, Ariela (jamhiatrm^ No. 4G7/27, 
and an African Oiv(3t-OMt, CiveitktiH civetta^ No. G(59/27, showed 
signs of the disease on arrival, and it was lioped tiiat careful 
feeding, skilled attention, and gootl hvgieno would eiadicate the 
malady. The condition, however, was too advanced, and the 
persistent absence of sunshine duiing the summer months 
hiis probably played no small part in keeping up the numbers of 
cases of rachitic alFections. 

A I’atas Cercopitheijue, No. 778/27, which has been in the 
(;liirdon8 for 16 months, showed signs of rickets which must 
have been at one time very severe, but wliich had appai*ently 
greatly improved. Death was the result of hronclnvpueumonia, 
anil some at least of the deformities wei*e due to old fractures 
wliich had healed. Both femora were bent and niucli thickened 
about the midille, and had po.^isihly l)een the sites of fractures ; 
the left radius and ulna had been broken at the junci ion of the 
upper tbree fifths with the hnver two-11 fths, and had nnite«l with 
much iiavgnlar callus ; the right forearm Ind also been hi‘oken 
about the middle, and had healed with rallier less callus-formation. 
Both humeri were bent, and the shalts wore tbickeneil and 
buttressed, but showed no fractures. 

Incidentally, the fact may be inentioneil tliat another Patas 
Gen*opithe<|ue died on the precedingday from lironcho-pneumouia 
also with rickets, and prcsenteil an ununited, though not very 
rei’ent, fracture of its left femur. 

In this connei'tion the case of a Nubian Giraffe, No. 110/27, 
of interest. This had been 7 months in the (lardeus. For the 
last three days of its life it liad given evidence of weakness in 
the him] limbs, ami just befoie death was attacked with spasmodic 
convulsive movements of the limbs. On opening the vertebral 
canal, the meninges wore seen to be bine in colour and bulging, 
owing to luemorrlmge into the ineiuhnuies and within the cord 
itself. This was extensive and involved the whole lumbar and 
the lowest third of the thoracic coni, less marked in the middle 
third and fading aw^ay above this. There was, furtliex', a sub- 
arachnoid Imnnorrhage over the left cerebral hemisphere. The 
case is mentioned hei-e because, in addition to the bajnmtoiachis 
and ha^matomyelia, the vertehraj were very soft and could almost 
be cut- with a knife. Whether there w’as any general vascular 
defect, it is impossible t<) state, but the fact may be noted that 
there was a large hseniangioma in the right lobe of the liver, 
occupying an aim the size of a cricket-ball. It is possible, though 
purely a matter of conjecture, that there was an analogous con- 
dition of a varicosity of the spinal veins, which had given w^ay. 
But none such was found at autopsy, the hemorrhage being an 
extensive one. 

Justly, the ease of ‘^Oojah,” the Pigmy African Elephant, 
Not 631/27. This animal was believed to be 
between J and 8 years of age at the time of death, having 
been here 2 years 4 months* Socm after arrival she ^gan to 
Pnoc. 2k>OL. Soo. — 1928, No. TIL 7 
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show signs of lameness and swelling of the legs. The use of ultra- 
violet rays niul other forms of treatment from time to time 
appeared to benefit, but only temporarily. Special boots were 
made for her, but they needed frequent alteration, and later caused 
chafing and seemed to be a source of much discomfort. X-ray 
exainitiation showed not only no improvement, but an apparently 
spontaneous fracture of the left radius occurred. She became 
very miserable and for the last three weeks was barely able to 
stand, and euthanasia was decreed and carried out by means 
of intravenous injection of morphine. Tim conditions found at 
autopsy were of inucli pathological interest. A brief statement 
of the bony changes may be mentioned first. The fore-limbs 
were swollen at the wrist-joints and considerably deformed j the 
left radius was fractured near the lower epiphysis — in fact, so near 
that there was some doubt as to whether the lesion was not in 
part a separation of epipliysis ; there was a good deal of poorly- 
ossified callus. The left hind limb was swollen and the bones soft 
and becoming twistt^d and deformed. All the bones were unduly 
soft ; the sternum could be cut through with a knife, and in the 
upper part the interior was seen to be difi'usely cancellous sur- 
rounded by thick cartilaginous tissue; lower down, at the level 
of the fourth rib, it became almost entirely cartilaginous with 
faint attempts at bone-formation in the interior. The skull -bones 
were very soft and could be sliced away with an ordinaiy knife 
down to the meninges ; there was no separation of the bones into 
tables, no diploe, but a uniform suety consistence throughout. 
The vertebne also could be cut through without difficulty. 

As regards changes other than those of the bones, the only 
abnormalities found wei‘e four ulcers of a chronic ciiaracter, with 
smooth, rounded margins, at the pyloric end of the stomach, and 
in the common bile-duct were long nematodes {Gramoc^phalus 
•clathratus), many of them with their heads buried in the ulcers 
of the mucosa. No abnormality was found in the heai*t or lungs. 
The heart itself weighed 2150 gm. ; the aorta measured 21 mm. 
in internal diameter and the wall itself was 5 mm. in thickness. 
The thyroid was pale, but was not obviously abnormal. 

The pituitary appeared to bo small, but the normal size of this 
1 am unable to state. Apart from the size, however, it seemed 
to be shrunken, fibrous, and a little shrivelled, and is to be the 
f^ubject of special investigation. It may be that this condition of 
the pituitary has some connection with the “ pigmy ” character, 
and that these are not a distinct genus of elephant. This, how- 
ever, is mere conjecture, and only further autopsies can decide* 
Portions of the skull and of the long bones weie sent to 
Mr. Lawford Knagg8,F.il.0.8.,and he reports that the condition 
is a good example of Osteitis fibrosa. 

Of the six Avian cases, 5 were in-bred Budgerigars and call 
for no detailed account. The other ^ a Oockatiel, CoAomUtaous 
norU»--k6llmi4m, Ko. 754/27, which had sustained a severe 
fracture of the left tibia. This had healed badly, with marked 
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inversion of the foot. The bones of the tliorax, ribs, and sternum 
were very soft ; the calvarium was thin and could be easily 
indented, and when removed could be rolled up without fracture ; 
the vertebra were soft. 

The only lleptilian case was a Tuberculated Iguana, No. 296/27, 
whose limb-bones were swollen, soft, and distorted, and those of 
the skull thin and indented with slight pressure. There is nothing 
particular to note aV>oiit this. 

6, Pulmonary Conditions^ apart from Tuberculosis and Mycosis. 

Instances in which capillary bronchitis or broncho- pneumonia 
was diagnosed as the cause of death have been considerably less 
in number than in 1926 — in fact, a reduction of more than a third. 
In the previous year’s report these cases were not separated from 
those of lobar pneumonia, and if both are added together for 
purposes of comparison, the total deaths from these pulmonary 
a flections show a satisfactory decrease. 

In the last throe years there have been 153, 95, and 72 
respectively. The following Table gives the distribution of tliese 
among the diderent Orders. 
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Deaths from Lobar I^neumonia and Capillary Bronchitis 
FROM 1925-1927. 

For purposes of comparison, it will be safer to regard the 
figures for lobar pneumonia leather than the combined. Where 
examination fails to reveal any morbid condition other than the 
broncbo-pneuiuouia (or capillary bronchitis), provitled this is 
fairlv extensive, tlje (leath is assigned to this cause ; hut it is only 
right tiO say tljat in many others there is a certain degree, and a 
very varying degree, of capillary bi-onchitis which may have taken 
a shaz*e in causing death or may be merely a terminal event. 
When other conditions sufficient to bring alK)ut a fatal issue 
have been found, ileath has been ascribed to the latter, and such 
are not included. This is not altogetliev satisfactory. To give 
but a single reason. An animal, more often a bird, is ill from a 
slight degree of catarrhal bronchitis or early broncho-pneumonia, 
peri^ns associated with a similar condition of the intestine, and 
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it is set upon by its companions and dies from cerebral haemor- 
rhage, the result of a penetrating wound of the skull ; or, we 
need not accuse its companions of murder, but the bird feeling 
ill falls off its perch on to its head and sustains a fracture of the 
skull or intracranial hsBmorrhage. There is no doubt that the 
primary cause of death was catarrhal inflammation of the lungs, 
at the same time quite inadequate of itself* In other words, the 
category of broncho- pneumonia is not a hard-and-fast one ns in the 
case of lobar pneumonia, but lea\’es a good deal — too much for 
satisfactory scientific record — to the interpretation of the patho- 
logist, the personal factor. 

These cases will not, therefore, ho spoken of in <tetail in this 
report, with one exception, the Ohimpanzee, “Clarence,” No. 
944/27. He had been here for 1| years. Four days before his 
death he was taken ill with fever, not very high, 101-102"^ F., 
only and severe dyspncea. The respiratory distress and raj)i<lit.y 
of respirations increase<l until death. At the autopsy the lungs 
showed extensive hroncho-piieumonia involving all lobes severely, 
and pus exuded from the bronchioles. Tlie bronchial glands 
were swollen and congested. Bacteriological investigations \vere 
undertaken by IVIr. Lovell, whose report appears on p. KH. 

Of the cases of Lobar pneumonia the two following are of 
interest amongst the mammals. The first as an example of how 
severe disease can be without any signs indicative of illness, the 
second for the baciei'iological findings and foi* the patliological 
analogy with the disease in Man. 

The former was a Burmese Miintjnc, Mivntiamfs muntjak 
grandicornis^ No. 237/27, 5i years ohl, having been born in the 
Gardens. It was seen running about, and to all appearances in 
its usual health and taking its food well on the day before its 
death. In addition to the pathological findings about to be 
described, this animal was pregnai^t with a calf very nearly at 
full term. At the autopsy there were seen to be old pleuial 
adhesions over both lungs. On the visceral surface of the right 
pleura and over the <liaphragmatic surface there was fibrino- 
purulent deposit. The lung was pneumonic, solid, and sank in 
water as a whole. The left lung, except for a certain degree of 
hyperaemia, was not affected. ITie pericardium was covered with 
a layer of fihrino-purulent deposit, and the pericardial cavity 
contained fully 500 c.c. of blood-tinged purulent fluid, the 
pericardium being also coated wdih a yellow purulent deposit 
eontaining fibrin. 

The second was a Grey’s Monkey, Ctrcopiihecm greyi^ No, 
816/27, which arrived in the Gardens eight days prior to its 
death. At the autopsy the right lung was found to be entirely 
solid, in a state of grey hepatization, while the upper lobe of the 
left was also solid, but in the eondition of red hejmtization ; 
the lower lobe of this lung was not involved. With the exeep* 
tion of an infection of the bowel with oestodes and nematodes, 
the other organs weie nomaU Sections of the tissues when 
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staine<l sliowed the typical changes of tlie two stages of red and 
grey liepatizat ion a?> seen in liutnati causes, and cvdtures were made 
from the tissues as desciihe«l in Mr. Lovell’s report. 

The only avian case worthy of special mention is the All-green 
lUrrakeet, No. 941/27, already referred to under the sedition on 
Tuberculosis. As stated, then? was alimentary tuberculosis with 
infection also of the liver and spleen and slight also of the lungs, 
but death was due to a double lobar pneumonia. 

The following is Mr. lieginahl Lovell’s report of his investiga- 
tions into tlie bacterial aspect of some of the cases of enteritis and 
respiratory disease during the last quartor of 1927 : — 

The following is a brief <lebcription of some of tlie cases of 
interest which Jiave been dealt with bacteriological ly during the 
last quarter. One must, of course, realize that bfxcteriological 
i-esearch is of necessity a slow process, and the results of only a 
few cases are yet available, 'rhere are many difliciilties to be 
overcome in such work, one of the greatest arising when we have 
to < leal witli an animal which has been <lead more than tw’o or 
three hours before coming to autopsy. J^utrefactivc* organisms 
from the intestine xery soon invade the tissues, and even if the 
causal organism is still present, the difficulty of isolation is 
increased. 1’ltis is especially .so when dealing with reptiles, as 
tlie risk of ci»ntaminat ion w ith putrefactive bacteria is enhanced 
owing to the carcase having ivmaineil in the W'arnier atmosphere 
of the lleptile Houst*. 1 1 w ill tints be seen that all animals w Inch 
apjiear to have died from some bacterial invasion are not neces- 
sarily suitable for bact( 3 riological exa-mination. 

One further jioint may be noted. Jn the following communi- 
cation it will be ob.servcd that several types of bacteria are 
described, but no name is given. It is not always possible to 
classify them, because many a[»pear to be dillereiit from any of 
the welbknowui species whicli attack Man or the domesticated 
animals, and there is litth‘ literature on the bacteria which 
iiivmie wild animals, wdietlier in their natural habitat or in 
*aptivity, to which one can refer. It has been possible, how^ev er, 
in several instances to classify them to some extent and to 
indicate their pathogenic role in respe(‘t to Man. 

llESPiRATORy Diseases. 

Tw'o of the respii’atory cases which have been investigated ai’e 
of interest, as they serve to distinguish between two of the main 
types of pneumonia. 

A Gray’s Monkey {Cercopiiliscus gra^i), No. 816/27, came to 
autopsy on the 29th of Oct., 1927. The right lung was solid 
and in a state of grey hepatitation, and the upper lol>e of the left 
lung showed red hepatijsation. The technique employed in the 
isolation and identification of the causal organism was a modifi- 
cation of that employed by Avery and his co-workers of the 
fEoekefeller Institute in their researches on lobar pneumonia in 
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human beings. An organism giving tlie following characteristics 
was isolated, viz. : a Gram-positive capsulated diplococcus, lethal 
to a mouse, and giving typical flat-ringed colonies with u luemo- 
lysis on blood-agar medium. The bile solubility was tested by 
treating 30 drops of a suspension of the diplococcus with 3 dropa 
of a lO-per-cent. solution of desoxycholeic acid which had been 
rendered alkaline to phenolphthalein. The suspension appeared 
quite clear in five minutes. Agglutimition experiments were 
put up against previously-prepared anti-pneumococcal sera of the 
Rockefeller types I., II., and III., and no agglutination took place. 
This was repeated with a similar result. Tlmre can be no doubt 
that the cause of death in this animal was ficiite lobar pneumonia 
due to infection with a pneumococcus Group I.V. 

A (chimpanzee, ‘•'Clarence” (Anthropopitheciis troglwfj/tes). 
No. 944/27, was ill for a few days before death with a sevei’e 
dyspnoea and symptoms of broncho- pneumonia. At autopsy both 
lungs showed excessive broncho-pneun)onia and there were weak 
pleuritic adhesions. A similar technique w^as employed, but 
whereas the injected mouse died in 18 to 24 houns in the previous 
case, this experimental mouse did not die for 10 days. It is 
presumed that the mouse w«as recovering from infectioTi with an 
avi]*ulent pneumococcus, because there were many pneumococci 
present in the peritoneal exudate, but they failed to glow on 
blood-agar, or in blood-broth, and were probably dead, and the 
sudden cold weather at this period was, it is believed, the actual 
cause of its death. The organism however proved to be a Gram- 
positive capsulated diplococcus, and the suspension of dead cocci 
washed from the peritoneum of the mouse w^as soluble in bile 
(10 per cent, desoxycholeic acid), and was not agglutinated by 
the pneumococcal sera Types I., 11,, or III. One can at least say 
that an avirulent Group IV. pneumococcus was present although 
not isolated. 

Direct culture revealed no pneumococci but Gram -negative 
bacteria, which failed to grow on plain agar but which grew well 
on Fildes’s agar and in Fildes’s broth. Cultures produced neither 
indol nor hsemolysis. These findings, taken in conjunction with 
the microscopical characters, point to the organism as PfeijOier's 
influenza bacillus. 

It is obvious that both the pneumococcus and Pfeifier’s 
influenza bacillus were present in the depth of the lung, but one 
hesitates to state definitely that ** Clarence'' died from influenza, 
although the evidence is strong. Whatever is the cause of 
influenza in Man, it may. not be out of place to mention that the 
combination of these two organisms has been fouhd in many 
cases of influenza in recent epidemics, and Pfeiffer's bacillus was 
a.t one time held to be the actual cause of the condition. Recent 
research indicates that both are at least associated with 
influenza. 
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Enteritis. 

Many cases of enteritis have been investigated amongst birds, 
mammals, an<\ reptiles, and will be treated under those headings. 

Avea, 

(1) A Green-billed Toucan {Marnpliastos dicolortcs)^ No. 743/27, 
was subjected to autopsy on 4. 10. 27, and cultures were taken 
from tlie bile, portal blootl, intestinal contents, and systemic 
blood. From tire intestinal contents and systemic blood was 
isolated a Gram-negative colifoi in bacterium giving acid and gas 
in dextrose and no reaction in inannite, maltose, lactose, sucrose, 
and salicin. Gelatine was not liquefied, indol Avas }>roduced, and 
litmus milk rendered alkaline, intra-peritoneal injection into a 
mouse of 0*5 cm. of a 24-hoiir broth culture |)roved lethal, and 
a similar organism was recovered from the blood of the experi- 
mental aiiiiiial in both cases. Definite motility even after one 
or two subcultures was not established, but otherwise this 
organism appears to be i<lentioal witli J^act. mcmjani, and re- 
ference to Its significance will be made later in tliis communi- 
cation. Two other types of coliform orgaiiisnjs were isolated 
from the bile and portal blood resp>ective1y. They do not con- 
form to any well-known species either in human or veterinary 
bacteriology. The one frotu the portal blood proved to be 
pathogenic to a mouse. Asa double infection is not unconnnon 
in such conditions, its jiathogenic role is j>rohable. It produced 
acid and gas in dextrose, maltose, and mnnnite, and after 14 days 
gave acid an<l gus in saliciii and acid in lactose Gelatine 
was not liquefied, indol was produced, and litmus milk rendere<l 
alkaline. 

(2) A Bateleur Eagle (ffeloiarsm ecandatU8\ No. 988/27, died 
from acute enteritis on 21.12.27. Cultures were taken from 
the blood, liver, spleen, and the intestiiml Avail. A peculiar 
organism was isolated from the latter — viz., a. Gram-negative 
coliform bacterium which gave acid and gas in dextrose and 
maltose, and no i*eaction in mannite, lactose, sucrose, and salicin. 
Gelatine was not liquefied, litmus milk was rendered alkaline, 
indol produced, and the organism was non-motile. 1(. proved to 
be pathogenic to a mouse, and a similar oi*ganism was recovered 
from the blood of the experimental animal. From the blood of 
the eagle was isolated Bact fascalia alkaligtma, which is not 
usually I'egarded as pathogenic in Man, although it has been 
isolated several times during the previous year by Dr. H. H. 
Scott from reptiles and a Levaillant’s Amazon 

(3) A Bonelli’s Eagle (Eutomactus fascuUua), No. 995/27, 
pmve^'l of interest from a bacteriological point of view. At 
autopsy acute inflammation of the intestine was revealed with a 
false membrane over portions of the duodenum and jejunum* 

♦ ** BM)art m the Deaths occumiig in the Society’s Gardens during the year 
%m;* April 6th, 1927, pp. 186-186. 
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Cultures from the blood and liver proved sterile, but an unknown 
organism was isolated from tlie spleen and intestinal mucosa. 
This proved to be a small (Ti-am-negative bacterium growing 
singly ami in long chains. It stained unevenly and was motile. 
Growth on McOonkey’s medium was good, and the following 
fermentat ion reactions took place : acid but no gas in (b^xtrose 
and maltose, and on the fourth day acid in salicin, and on the 
lifth acid in lactose. Gelatine was not liquefied, litmus milk 
wjjs rendered faintly acid, and indol was produced. Cidtures 
of this organism and also the one from the previous case are 
being kept, and further investigation will be carried out at a 
later date. 

Mammalia. 

This group of cases is very interesting, as Ikict. viorgani has 
been isolated from a luimher of them ami there is some evidence 
of infection in .sequence. 

(1) An Orang-utan, Ginger** (Simia satyra). No. 792/27, >vas 
remove<l from the Nortli Alammal "House to the Sanatorium. 
Dentil occurred on 21. 10. 27, and w^as found to he due to a severe 
colitis. 'Phe detailed changes have already been given in Dr. 
8cotCs report. Cultures were attempted from the spleen, portal 
blood, systemic blood, and intestine, and Bact. moryani w^as 
isolated from the latter site. 

(2) An Orang-utan, ‘‘Kellie/* No. 926/27, was also removed 
from the North Mammal J louse to the Sanatorium when 
“Ginger” became ill, but she died on the 6. 11. ‘27. Cultures 
were made from the spleen, kidney, bile, mesenteric glands, 
blood, inl>estinal mncosa, and inteslinal contents. Only from the 
latter was Jkict, morgaiti isolated. From the intestinal mucosa 
another i>rgaiiism w'as isolateil, namely one that gave similar 
sugar reactions to Bad. morqani and was letlial to a mouse, but 
it liquefied gelatine, did not produce indol, and after five days 
partially -digested litmus milk. It is possible that this sliould 
be classified as a Jiact. prottus^ but it is mentioned because of its 
appearance in another case and itsalfinity to Bad. rmrgani. 

(ID A Squirrel-Monkey (/Saiwms ^ciarm). No. 9,52/27, died in 
tlie Sanatorinm from enteritis on 15, 12. 27. Tlie intestines were 
congested and tlie mesenteric glands swollen. Cultures from the 
liver, bile, spleen, l)loud, and intestinal mucosa gave no inforaia- 
tion. Bad. morgani was, however, isolated from the intestinal 
contents. 

(4) A Naked-ear Squirrel -Monkey {Samiris usia)^ No. 972/27, 
also died in the Sunatoriura on 19.12.27. A condition of 
enteritis was found at anto[)sy, and Filnria? was present in the 
peritoneum and ms.^entery. The intestine was pink and con- 
gested; and the mesenteric glands swollen, but the eoTulitioTi 
appeared to be less severe than, in the former case. Cultures 
from the liver and mucosa gave no jjathogenic organisms, but 
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from the intestinal eoiitenis was isolated an organism identical 
with the gelatiue-lujuetyiijg one grown from the intestinal 
mucosa of the second Orang-utan, Ncdlie/’ 

lieferenoo may be naule at this point to the observations of 
workers on Summer Diarrhtea in children. Although the bac- 
teriological tindings are \aried, yet the oiganisin that has been 
found most fre<|uently is BacL imrgani, and Morgan and 
Ledingham regard it at least as an important factor in the cause 
of the disease. Ollier workers affirm tliat tliere is in Summer 
Diarrhoja a geneial increase in the number of nou-lactose- 
fermenting organisms in the faices, chielly consisting of Baci» 
dy6entevia\ Bad. moryuai.^ and Bad. proUuB. Another point of 
note is the evidence which has been brought to show that Bad. 
morgani is relatixely unable to penetrate the intestinal mucosa, 
and tins probably accounts for its non-cultivation from any of 
the body-tissues. Only in one ease, namely the Green-hilled 
Toucan, was the organism irKpiestion isolated from any where hut 
the intestine. 

A furthei case of interest in the Mammalia is 

(5) A ^lona Cercopitheque {Orcopithecvs No. 1)00 '27, 

which at death revealed mycosis of the liver and spleen and 
a gastro enteritis. Cultures from a Peyei's patch gave ii Bad. 

and various lactose-fermenting organisms. From the bile 
and liver was isolated an organism whitdi was at first thought to 
be a dysentery bacterium of the Flexiier type. It was a non- 
motile cocco-hacillus with occasional filamentous forms and 
produced acid in dextrose, maltose, and mannite, with no reaction 
on lactose and sucrose. At a later stage (iiftli dfiy ) it di<l, however, 
ferment saiicin which Bad. dyBenterm (Flexner) does not. 
<lehitine was not liquetietl, nor was indol produced ; litmus milk 
was rendered alkaline. The organism jwoved to be patliogenic 
to a, mouse, and a simihir bacterium was recovered from the 
ex}>eiiuierital animal. No name is given to this organism as it 
iloes not exactly correspond with any of the known bacteria, but 
it is closelv allied to the d^’seniery group, and, as in other cases, 
stock cultures are kept for further investigation. 

Beptilia. 

Several cases among reptilia in wdiicli the intestine was 
iuHamed have been investigated, but, as already stated, it is a 
matter of greatt difficulty to determine the jetioiogieal signifi- 
eance of organisms isolated when once putrefactive contamination 
has entered. In most cases Bad. jiroteus haa been present. Two 
cases are worthy of note and are mentioned, although investiga- 
tion into the organ i^m8 is not yet complete. 

(1) An Ancottda {EunBctm mtirhnis). No. 847/27, died on 
7,11.27 from a membranous enteritis followed by perforation 
and consequent peritonitis. It had been passing sloughs foi 
iK>me time previously and the bpw'el was inflamed and gaii* 
grenous. Other lesions were present in the liver and kidneys. 
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From the blood was isolated a non-motile coliform organism 
giving the unusual reactions of producing acid only in dextrose, 
but acid and gas in maltose, and causing no change in mannite, 
lactose, sucrose, and salicin. Litmus milk was rendered alkaline 
and gelatine was not liquefied. Further cultures were incubated 
and the same result occurred. It was pathogenic to a mouse by 
intra-peritonea 1 inoculation and was recovered from its blood* 
jBact. proteus was also isolated from the pericardium and liver. 

(2) A Reticulated Python {Python reticulatus). No. 932127^ 
also died from a membranous enteritis on 8.12.27. Cultures 
from the blood were sterile, but from the bile and intestinal wall 
the following organisms were isolated : a motile coliform bac- 
terium which seems to belong to the Bctct. paratyphoms B group. 
A similar result was obtained from the liver, but this stttiin 
fermented salicin with the production of gas after 14 days. 
The other two strains after incubation for 28 days have not 
produced acid in salicin, sucrose, or lactose. Agglutination 
experiments have been attempted against specific and non- 
specific sera of this group, but no reaction took place. Fuither 
serological work is being undertaken, as it is of the utmost 
importance to establish whether this is a known or new species 
of the group. 

Pyaemia. 

A case of exceptional interest is that of a Viscacha {iMgoBtomuB 
trichodactylus), No. 826/27, which died on 2. 11. 27. In addition 
to a thickening of the mitral valve the kidney showed many 
abscesses. On examination of films from the kidney abscesses 
Gram-{) 0 .sitive cocci in tetrads and short chains were seen. A 
pure culture of Micrococcus tetragenus was grown which on 
intra-peritonea 1 inoculation killed a mouse in 24 hours, and when 
inoculated subcutaneously a sub-culture killed a mouse in 16 
days. In each case the micrococcus was recovered. The bio- 
chemical reactions were : acid in dextrose, mannite, maltose, 
lactose, and sucrose, but no reaction in salicin. Gelatine was 
not liquefied and litmus milk was rendered acid, this being 
followed by partijil digestion at a later stage. 

Cases of septiciemia due to this coccus appear to be rare in 
Man in this country, although quite a number have been recorded 
on the Continent. 

R. Lovell, M.R.C.V.8., D.V.S.M. 

The fallowing is a list of Protozoal parasites found in examin- 
ations of blood-smears. These are made from all animals 
submitted to autopsy and sent to Dr, 0. M. Wenyon, F.R.S., 
who presents for the information of the ProsectoriaV Committee 
a report of his findings each quarter. Smears are also made by 
us at the same time, and any found positive are kept for future 
reference. The list below is compiled by combining the several 
reports from Dr, Wenyon. 
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Single Infections. 


Parasitbs. Hosts. 

llapiriogrogarines (107) Acanthophis nntarrticm; Ancisirodon pisci- 


V 0 VU 8 (6); Bitis artetans (2); Boa con- 
strictor (3) ; Caioie^ mpstaceus (3) ; 
ChlorophU neglectus VS) ; Cinijcgs helliana: 
Vwlopeltis monspcsstilana (3); Coluber 
catenifer\ Coluber corais (2); Coluber 
ohsoletns (2) ; Coluber quatuorlineaivs ; 
Coluber vulpinus\ <*oronella getula (3); 
Coronella gehila vsiv. boglit ; Coronella 
trtangnlum (2) ; Crotalus airox ; Crotahcs 
eonjiuentus (4) ; Crotalus e.rsul (4) ; Crotalus 
harridus (2) ; Crotalus srutellatus (2) ; 
Ct/elagras gigas (2); Dendraspis turidis; 
Ihpsadomorphus dendrophthts ; Drgophis 
mgeterizans; Elaphe oxgcephalus; Elaps 
guttafus: Eunectes munuus VA) ; Heterodon 
platg7'hinos{'2,)\ Jguarm tubereulata; Injcerta 
ocellata (3); T.aticauda coluhrina (5); 
Bichamera roseopisca ; Xaja bungarus (2) ; 
Xaja haJfP\ Xaja hannnh ; Naja fripitdians; 
yatnxtaxispilotnsx Vasserita mgcterizaus; 
Philothamnus semtmriegnf us ; Bsammophis 
sihilausx Psammophis suhttmiatus ; Pgfhon 
mol nr us I Puthou rehmlatus (2): Python 
seb * (2); Python spilotes, liana ptpiensx 
Hana tigrina \ Sisfrurusmtliarius ; Testudo 
ibera : Triouyx gangeftcus; Trop*donotus 
fasciatus (2): Varan us bengaleiisis (3); 
Varanus e.ranihewaticus (2); Varanus 
gnseus; 1'‘aranus niloticus (2V. Zaments 
dahlti(2); ZamenisJlaqelliformis\ Zamenis 
in t( coins (4). 

Ha'inoproteus (27) Alectoris t/rffca rera ; Balearica paroutna 

(2): Cerehmds ttnnunculus; Circus ma- 
erurns , Coracias abyssinicus ; Dasyptilus 
pesqueti; Eremapieryx lencotis] Eulahes 
reltgiosft: Grus anttgone; Loriculus gal- 
gulnsi Mimocichla rubripesi Munta oryzt- 
rora ; Kecrosyidcs monachus \ Nnmida 
mifrata ; Eycteria aniencana; Otogyps 
ralvus ; Pscudogyps africauus : See-see 
Partridge; Serinus (2) ; Serinus ffamveutris ; 
Serinns icterus; Sporteginthiis welpodes; 
Steganurns paradisea rerranxi; Textor 
niger ; U rctginth us phen leo^ i>. 

HfBiDOCYstidinm Eaja nigricollis. 

Flaatnodhim prflscox (3) Cygnus melanoeoryphus ; Francolinus bical- 

caratns; Rollulus roulroul. 

LsnlcesterelU (3) Bana palustris ; Bana tigrina (2). 

Lencocytozooti (4) Ptilogenys cinereui; Serinus canarius (2); 

Spinns oitrinellui eonicanus. 

H««Bmita Calota myitaceus. 

l^richoiaoniis (2) Tatndo ibera \ Tropidonotns ordinatus. 

FllltHal embryos (7) dige^mis earn; Cittoeinehla macrttra'; 

Oarmlaar Uueolophui i Mmia atrieapilla'; 
Paraatia awmllata ; ParoaHa larmta ; 
StrutMc amtralis. 
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Double Infections. 


Hamtopvoteus and Plasmodium 
prtccox (2). 

Hipmoproteus ami Filanal 
mbiyos. 

Filanal oiubryos (two tyjwB) 

Hremoprio^arims and Filarial 
embryoss. 

Ila*ino}?ro8:ariiit*h and LaskesU^rella 

(a). ■ 


ArgMianm aiv/as; Leptoptilus crumeniffruB, 

Numida coronata, 

Canis aduHtus. 

Coluber melantiteucxfs (2). 

Ugrina (3;. 


Lankesicrolla and Ti^jiiano'^omoh. Liana tigrhm. 

Tr\ panosomos and Filaiial JEJuredes eiridis. 
finbryo** 


Tiuple Infections. 

HiKiiioprotini'', Plasinodiuni jjra*- Pgrrhulox-ia mnuata. 
cox, and Filarial embryos. 

Hnenioinoicu*', Leueoejto/.ooii, Ptilogenge cinereus. 

ami Trypanosoma. 

Hamioproteu'^, Leueocji to/.ooii, Athene noctua hactriana. 

aud bblnnal embi vos. 

Tile foregoing pages have eorusisted of remarks upon the 
various subjects mentioned in Table 111. A report of the year’s 
work would, however, be very incomplete if no reference were 
made to the many other matters of pathological interest which 
liave been encountered in the course of routine autopsies. These 
questions will now be briefly dealt with. Some are of suflicieut 
inqjortance to call for a few details, while some will, it is hoped, 
be made tlie subject of special papers in the future. 


1 . Among the fovemost of these are cases of Caediac and 
Oabdio-vasculaii Disisase, of which there seems to have been an 
unusually high i)ro})ortion. The following is a list of tiiese ; — 

(1) Conyenitcd Defects of the Heart, 

(a) Tliar, Remifragm Jemlaicusy No. 641/27. At the baae of the eeptal cusp of 
the aorta, in the membranous part of the intervautricuUv aeptum, waB an 
opening 1 cm. in diameter with hard, calcareoua edge, admitting of free 
intercommunication l>et ween tlie ventviclea. There w«t intense atheroma 
of both the sjfiteinic and pulmonary aortie, and the aortic semilunar 
valven were calcareous. This animal has been 11 years 5 months in the 
Gardens, and has already been mentioned under the heading of Tiiber« 
cutosis, as this dibcnse was also present. 

(ft) A male l)e flrun’s Wallaby, one ^ Hr. Frost’s eolleotion, not taken on the 
strength of the Menagerie but boused in the Sanatorium* This animal 
had ft laige well -marked patent Woramm ovale in the xaterauriottlar 
septum. 
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(2) Valvular DiRease of the Heart, 

There are three examples of this nrnoDg ininiiinMls ami one 
avian case : — 

(а) Mozainbique Cevcopitheque, fWropithenis rufoviruUs^ Ko. tO/27, 5 ycaiw 

10 montlis ill the Gardens. This was an old warrior who hud lost an eye 
in some hyjfone light. A well-marked vegetation was present on the 
mitral valve and then* was considerable myocarditis, the wall of the 
ventricle being thinned in plae<‘s and tough. 

(б) Hairy Armadillo, Euplmictm villnsus. No. 805 '27, with vegetations on the 

flaps of the mitral \alve. Death was due to abscess of lung with double 
empyema. In both pleural cavities was thin, brick-red purulent fluid, 
with flakes of l>mph; the right contained much the larger quantity, 
180cc being measured and some 20 c.c. remaining. In the right lung, 
siibapical in position, w'fis an abscess nieasuring 1*5 cm. in diameter over 
wbicli the pleura was weakl\ adherent and gangrenous. The lung was 
much compressed by the accumulated pleuritic eftus»on. 

t<?) Viscaclia, JLaj/oitfoinns f t*tr/iodacft/t its. No. 82fl 27. 2^ y(‘nrs in the 

(laidens. In tliis animal there was markt'd thickening and sclerosis of 
the mitral Milve- flaps, with firmly attached ante-mortem clot. Death 
was due tu a condition of pyiemia. In the liver, whu*h was palei than 
normal, soft and ver> friable, weie spuise miliary abscesses. In both 
kidneys were main small abscesses mainly in the cortex, hut a few also 
ill the inedullar) ]Mntion, xnrxing in size fiom mere points to 3 mm. in 
dninu'ter. 'riie organism isolated from this and seen in smears and 
sections of the tissue w'as 3! tceacoeetts tetrapenns. 

(rf) The axiaii case was a Violet-necked Cassowary, Cnsuariua vioHeoUis, 
No. 318/27. I'he right nunculur appendage was occupied by a large 
fungating vegetation with a bioad base, adherent to the endocardium and 
ulcerated at the uppei i»ait ut the lan ipherv of this base. In the left side 
of the heart the mitral valve-flap^ were thickened, hard, and contracted, 
with R “button-hole” opening 7 mui. in diameter, like the so-called 
Corrigan valve of human pathology. The myocardium of the lett 
ventricle was hard, tough, and fibrous. 

(3) Aneurysms, 

(<*) A troinmon Kat,blue variety, liattus rattus, No.324'37, with an aneurism 
of the heart. In the right ventricle, between the columme cainea*, was an 
aiicurysm 6 mui. in diameter containing some lamiimtisl clot. Both 
ventricles j»bovved small pal© areas of myticnrdiul degeneration In this 
Biiimal there are also, in the duodenum 2 inches beyond the pylorus, a 
amall aperatur© lending into a diverticulum tlio size of a haricot bean, 
occupied by a fa>cal concretion. 

(5) Scarlet Tanager, ’Rhatnphocoehts hraaitiaa, No. 824/ 27, nearly 4^ years in 
the Gardens. When the body xvas ojHmed an extensive blood-clot was 
•eeti covering the heart posteriorly and the lungs anteriorly. There was 
myootic infection of the left anterior air-sac. Tiie blood-extravasation 
had come from a ruptured anmrpauHr of the left aorta. Betw'eeu 1 and 
1*6 cm. above the base of the heart w as a globular aneurysmal dilatation 
picaauting a small perforation on it* posterior aspect. Being above the 
lovd of the refloetiou of the poricardium, there was no hemorrhage in this 
oavitj* as in a former specimen fnow in the Museum of Comparative 
Pathology of the iiondon School of Hygiene and Ti-opical Medicine). 
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(4) Rupture, of the Heart. 

An American Tree.Sparrow, Spizella No. 56/27, when apparently 

ill perfect health suddenly fell dead. An extensive heeniorrhage wai 
found filling the retrocardiac space between this organ and the liver, 
spreading over the anterior surface of the liver, and tracking down the 
left side and largely filling the pelvic. The blood came from a rent in the 
posterior surface of the right auricle. The proximal cause of this 
could not be discovered. There was no indication of aneurysm nor 
of any parasitic infection, and there was no bruising of the sternum or 
l>C(*toral muscles. 

(o ) JRemopericardhim. 

A lliiig'iiecked Parrakeet, Valaomis torquata, No. 800;27, showed at 
autopsy a pericardium distended with blood, partly clotted. There was 
no atheroma of the large vessels, but the left ventricle was much hyper- 
trophied; there was hannorrhagic extravasation also in the myocardium, 
iind the kidneys sliowed a severe grade of chronic interstitial nephritis. 

Seeing that there was no signs of aneurysm or wound of the heart, 
perhaps it would be more correct to describe this case as one of btemor* 
ihagic pericarditis; on the other hand, there was no definite inflammation 
ol' the mom In ane seen aud the bleeding may have come from ruptured 
capillaries associated with high pressure, itself a concomitant ol chronic 
nephritis. 

( 6 ) Pericarditis, 

There were five instances of this ; in one the condition was of 
the adhesive type aud in four it was purulent. 

{n} A Yellow Baboon, Papio hahouiitf No. 923/27, showed firm adhesions of 
old standing all over the left lung laterally and posteriorly, and in front 
to the (lericardium. The layers of the pericardiutn were inseparably 
united, the pericardial cavity being totally obliterated. 

(A) Coypu, Myoca$ter coj/pm, No. 164/27, which had been born in the Gardens 
only three weeks before. Death was due to bronchitis and purulent 
|iericarditis. The pericardium was thickened and opaque, and covered 
with a layer of pus and lymph. The myocardium was inflamed. 

{e) Burmese Mnntjac, No. 237/27, dying from lolatr pneumonia and pericarditis 
with purulent etfusion. This has been already spoken of in the section 
dealing with cases of Lobar pneumonia. 

(d) Anaconda, JSunecte* murinuf, No. 27/27. In the pericardial cavity, in flakes 

between firm adhesions of visceral to parietal layers, was inspissated pus. 
The membrane itself was very thick and toagh, and towards the apex the 
ventricle was clothed with thickened, adherent pericai'diam containing 
cheesy pus. 

(e) Water-pilot, Natrix taxispilotus. No. 402/27. The layers of the peri- 

cardium were adherent generally, and between it and the heart itself was 
a thick layer of gieeiiish-yellow pna. The lungs were cedematons and 
uontained small purulent deposits, apparently in the bronoiii, and at the 
lower pole of the left kidney was an abscess 2*2 cm. in diameter. 

(7) Severe Atheroma. 

<e) Tlmr, No. 641/27, with exteniiveathemma Of systemic aud |9>tt1motuiry 
aortee, has already been mentioned as it presented also a oongemtal 
cardiac defect. 
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(ft) A Blue«iVonted 'pAirot, Amazona astiva^ IS o. 700/27, Tins bird wiis said 
to be very old ; it wa'< iMdievwl more than 100 years. Death was due to a 
tear in the posterior aspect of the right lobe of the liver and consequent 
extensive hinmorrhage. Blood surrounded the heart and bad passed down 
to the pelvis. When the blood was washed away the large vessels arising 
from the heart were prominent and stood out rigidly ; they were markedly 
calcareous, typically ‘‘pipe-stem/* and the thoracic and abdominal aortai 
were similarly practically line<l by de{> 08 ition of calcium salts. 

2. Cases of Intestinal Obstruction. 

Tiiere have been five instances of this, all amongst mammals. 

(1) Prairie-Wolf, Canis latran», No. 888/27. Two months old, born in the 

Gardens. There was an intussusception of the ileum 6-0 inches in length, 
10 inches above the ileo-c»cal valve. There were several Ascarids in the 
stomach, duodenum, and small intestine and a condition of acute enteritis, 
with ulceration. Worms were present both above and below the intussus 
ception ; these, and an irregular peristalsis arising from the enteritis, may 
have started the intussusception. 

(2) Prairie-Wolf, No. 421/27, W'ith a large ileo-colic intussusception, fully 6 

inches of the howl protruding through the anus, 

(3) Bed Tiger-Cat, Fdit aurata. No. 419/27, already refeiTed to as a case of 

Rickets, with a diaphragmatic hernia through the pleuro-peritoueal 
opening. 

(4) Thar, Hemitragus Jemlaicm, No, 712/27, dying from a complication of 

injuites. The right lung had been penetrated by a fractured rib in the 
raid-ttxillary line, with the pioduction of a large hamiothorax, the lung 
IxMiig compressed in a small space in the costo-vertebral recess. In the 
left iliac region was much bruising, the muscles of the abdominal wall 
had been torn, and through an ojiening 2 cm. in diameter has passed a 
knuckle of small intestine w’hich wa^* itself perroratetl and lay between 
the muHcle and the subcutaneous tissues. 

<6) Hairy -l umped Agouti, Vasyprocta prymnolopha, No. 867/27, with nitus- 
suBceptiou of the colon. 

A sixth case may be mentioned, a Serval dying from acute 
•enteritis, No. 208/27. When the body was opened a swelling 
was noticed in the pyloric half of the stomach ; this proved to be 
due to the i)assage back through the pylorus of the succeeding 
1^-2 inches of th^e duodenum. I can find no I'ecord of such an 
occurrence in human or animal pathology, and the specimen has 
been preserved. 

,3. Intestinal Perforation. 

Nine instances have been met with during the year, of which 
four were mammals, three biinis, one fish, and one reptile. 

(]} Mammalian Cases. 

ia) Green Cercopitheque, C$reopith$im$ sahmu, No. $0/27. Twenty-two 
iuchss bekw the pylorus was a perforation, 0*8 cm. iu diameter, with a 
but ibdlving margin, partly sealed by a plug of lymph, hut allowing 
fmoal matter to leak through. In the peritoneal cavity were 860 c.c. of 
thin purulent HuhL Ferfomtion had occurred at the site of one of several 
ttloeri. 
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{b) Bay Lynx, FeH$ ru/a, No. 686/27, in which the cause of deatli was 
peritonitis resiiltinj? from perforation of the duodenum by nemiitodes. 
3800 c.c. of inflaunnatory fluid were measured from the peritoneal cavity. 
In this fluid were many round worms whidi liad passed thro igh the 
perforation, while one was seen in the act of emerfrinp, the head and half 
the body boiuir in the peritoneal cavity, the remainder still within the 
abdomen. The exudation was partly ascitic, for it was only coajrulated in 
islands and there was marked polylobular cirrhosis of the liver, this orj^aii 
weigbins only 13. > gin. 

(c) Blackbuok, Antelope cervicnpra^ No. 707/27, with a largo hepatic abscess, 
as big as a water-melon. The reticulum had been perforated bj' a pin 
which lia<l been swallowed and had been arretted in the meshes of the 
mucosa. 

(«?) Thar, N<». 712/27, already mentioiietl ; in this a knuckle of intestine had 
]>asM'd through a rent in the abdominal mural musculatui’u, had horomc 
strangulated, and had perforated. 

( 2 ) Arian Cases. 

(а) Littlt 3 Blue Heron, Florida carulea^ No. 123/27, dying from haimorrhage 

the result of perforation of the stomach by a foreign body, a bristle. 
There was miudi blood in the stomach itself, and the bristle w^as partly 
within and partly outside the viscus, the peritoneum being inflamed over 
the site of the wound. 

(б) ‘West African Ostrich, iS/rMf/iio came^«s. No. 303/27. Perforation of the 

gizzard by a foreign body — a tin-opener — which bad causerl deatli from 
heBmorrhnge by fuitber opening into the portal vein. In the abdominal 
cavity was a very large clot of blood. In another part of the gi/yard, in 
a small diverticulum, was a pin which w'as nearly through the wall, and 
other foreign substances were present, namely a metal badge, a cent-piecc, 
and two Staples, one broken. 

Anotlier West African Ostrich, No. 34'6/27, which affords even a lietter 
example than t be last of the proverbial digestion of an ostrich. I>eatb in 
this cn.so also occurred from hsemorrbage, owing to perforation of a vessel 
in the gizzard wall, though the viaous itself was not actually fierfomted. 
These two were the subject of a demonstration at a Scientific Meeting of 
the Society in June, but an enumeration of the contents, ns a permanent 
record, wdll not be amiss. There were three handkerchiefs, three gloves, 
tbrei* feet of cord, two iron-wire staples complete and several fragments, a 
4rinch nail, four halfpennies, two farthings, a franc, one motor-tyre valve, 
portion of a luagneto-spanner, a collar-stud, a lead pencil, a picture- 
hanger, an alarum-clock winder, a watch-swivel, fragment of a lockef- 
chain, a wooden film-roll, a screw, and sundry small pieces of metal. 

(c) Denham*s Bustard, Neoti9 denhamiy No. 1039/27. One inch below the 
pylorus was a jierforation of the wall of the duodenum sealed by 
peritoiiitic lymph ; no foreign body was found in connection with this. 
In the upiier part of the left lobe of the liver> however, was a ooncretioii 
the size of a walnut, 2*3Xl’6Xl*7 om.^ surrounding a fragment of wire 
which had probably penetrated from the gizzard, although no sign of any 
perforation could be seen in that viaous. If it had ooourred from the 
gizzard, it must have happened some eoiudderable time previously for a 
oonoretion of such a size to p^ave lonned, and any wound which had 
resulted had completely healed 
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(3) Reptilian Case, 

This was aii Anaconda, No. 847 127 1 which for several weeks prior to its death 
had been passing sloughs and membranous fragments with copious 
bleeding at intervals. The post-mortem findings were of interest. Over 
a length of 12-13 inches, ending about the same distance above the 
cloaca, the bowel was very inflamed, almost gangrenous. Near the lower 
limit of this area was a perforation measuring 4X3 cm. Above this 
there was a patchy membrane, but l)elow a huge accumulation of 
membrane and debris heaped up to a thickness of 2 cm. Outside the 
intestine was a large collection of greenish pus extending from the 
stomach to the level of the cloaca, and fragments of food, pigeon-bones, 
feathers, etc., were seen passing from the intestine into this large abscess 
through the perforation. The liver presented numerous white foci — 
abscesses from a portal pymmia — and the kidneys showed also small 
miliary abscesses; the pericardium was adherent, the cavity being 
obliterated and occupied by fibrinous and gelatinous coagulated lymph. 

(4) Piscine Case, 

A Wrasse died in the Aquarium and was sent up for examination. There 
was a rugged ulcer near the cloaca discharging pus in abundance and 
w*ith protruding spicules of bone. One to one and a half inches above the 
cloaca was a nigged perforation of the intestine, 1 cm. in diameter, partly 
occupied by a slough and surrounded by a diffuse abscess. Half an inch 
below' this perforation was a second, rather smaller, and several small 
perforations, each with protruding bones of whiting. There were seven 
separate perforations in all. The inflammation has been too acute for 
localization by peritonitic adhesions, and there was an extensive purulent 
peritonitis. 


4. Accidents and Injuries. 

(1) There have been 11 cases of Rupture of the Liven six 
small birds, two Pheasants, a Teal, a Orossoptilon, and a 
Parrot. 

In nine of these the right lobe was the one affected, in one the 
left, and in one both. The superior surface in one ; the anterior 
asp^ in two, in one of which the rent extended up slightly on 
to the superior surface ; the right lateral surface in two, in one 
of these the tear extending forwards over the anterior surface ; 
three times the inferior surface of the right lobe was the site of 
rent, in one of them extending some distance up the posterior 
surface, and in one (the Amazon Parrot, No. 700/27, already 
mentioned, with advanced atheroma), the posterior surface only. 

In only one instance, a Budgerig^, blue variety, No. 908/27, 
was the left lobe involved, on the inferior surface. Lastly, an 
AmborsVs Pheasant, No. 1031/27, had sustained extensive 
injurioSi among them two tears in the right lobe of the liver,, 
one ktexaily and one anteriorly, and others in the left lobe. 
The peltis was fraetured and the right kidney was torn also. 

Fnoo. Zooim Soo.~1»28, No. VIII. 8 
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(2) Respiratory. 

{a) A Wild Cat, Felit aylvestrii. No. 84/27. Suffocated by regurgitation of 
food and pattage of it into the larynx and trachea. Food was in the 
trachea and aome impacted in the glottis ; the lungs were frothy and the 
surfaces petecbial. 

Female Hamadryas Baboon, No. 78/27, the widow of ** Murphy,” was wooed 
en $ 4 eonde$ noeet by four suitors simultaneously. A battle-royal ensued 
in which the lady suffered somewhat, and one of the gentlemen having 
gained a temporary advantage fled with her into the wuter, whither his 
rivals followed to renew the fight. When the final victor emerged, bringing 
with him his prospective bride, she was found to be dead, and, after 
holding a wake, he and his companions the next moniing returned the 
body to the pond. At the inquest there were found many bruises and 
scratches, but not snflieient to cause death, which was definitely doe to 
drowning. The case was duly recorded in the Morning Fott 

(e) A Hog-nosed Snsiket Meterodon platgrhino$,'So, 672/27, died of suffocation 
from regurgitation of food, in the same way as the Wild Cat just 
mentioned. 

(d) A fiiant Cyclagras, No. 956/27, showed at death constriction round the 
neck, two inches behind the head, and the long was intensely engorged, 
in fact hfentorrhagic, containing blood and mucus. It had been placed in 
a box, the lid of which was kept from falling back by means of a chain. 
A commotion was heard soon after the lid was closed, and was thought to 
* he due to a fight between it and its companion, but when the box was 
opened, the snake was found to be dead, its head being encircled by the 
chain, which had strangled it. 

(3) Others of interest. 

(a) An African Civet-Cat, CivettietU civetta, No. 371/27, with a simultaneous 
and practically symmetrical transverse fracture of the humerus on each 
side. How this was produced is not ikuown. 

(5) Thar, No. 712/27, already mentioned. This animal had right-sided 
Inemothorax secondary to fracture of a rib and penetration of a lung, 
injury to the abdominal wall, rupture of muscle, protrusion of intestine, 
strangulation and perforation of the gut. 

(c) Rusty-spotted Genet, Qen^tta rubiginona, No. ii2SI27, which was chloro- 
formed after it had inflicted serious iiguries on itself. It had gnawed off 
all the toes of the hind foot and part of the tarsus and was bleeding very 
proftiiely. 

There were a few instances in which injuries had been inflicted 
by companions which had either resulted in death or were so 
severe as to be beyond attempts at cure. These need not be 
mentioned in detail. 

5. PT 4 BUU- 

Apart from eases of portal pyamk^ which iu« not mrf tm* 
conunon, partieuiarly among Beptilee with eome theca 

have been flve cases of gmieral pysmia* Two were 
two rsptihah and one bird. 
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(1) Mammals, 

{a) Ibean Hahoon, Tapio iheanm, No. 441/27» wan aiiable to walk and died a 
fortnight after admission. Abscesses w-ere found in the lungs, the spleen, 
the kidnoj^s, in the bronchial, internal mammary, inguinal, and lumbar 
glands. The 3rd, 4th, and 6th dorsal I’ertebrae were exposed, caseous, 
necrotic, and exuding pus; below the right acetabulum was another 
abscess, but not communicating with the hip-joint, and there was an 
erosion of the right parietal bone of the skull. The spine appeared to be 
the oldest site. In view of the multiple abscesses in the lungs and 
kidneys, and the presence of indications of old infarcts in the latter, one 
might have expected to find an endocarditis, but none such was preseut. 

(6) Viscacha, No. 826/27, with pyannia and valvular disease of the heart, has 
already been mentioned wlien speaking of cai-dio-vascular conditions. 

(2) Birds, 

A Blue-bird, Hialia aialigf No. 383/27, with cellulitis of the feet, probably 
traumatic, from inft3ctiou of fissures. There was an abscess in the bead 
of each humerus, a pyarthrosis, and a small focus in the myocardium. 

(3) Ihptiles. 

(a) Water-pilot, No. 412 27, with salpingitis, and abscesses in the liver, the 
lung, and in the myocardium. 

{h) Bull-Sitnke, Coluber mclanoleucus, No. 152 '27. There was a fairly heavy 
nfeetion with helminths, some being found actually in the portal vein 
itself. There were several small abscesses scattered in the liver, and at 
the upper level of this organ a mass of creamy and partly inspissated pus 
in\(dviug the parietal peritoneum and extending into the fascia and 
intercostal muscles. The spleen contained a large abscess and there were 
a few small purulent foci in the kidneys. 

(). Neoplasms. 

Below is a list of the animals in which new growths have been 
encountered during the year. One or two only (marked with an 
itsterisk) are described in any detail as the subject is a large and 
important one, and it is intended to make it a question for 
treating in a special paper subsequently. 

(1) Mammals, 

(a) Pardine Genet, Chnetta pardina, No. 298/27. Malignant fibro-adenoma, 
or adeno-careinoma, of the thyroid. 

(h) Common Wolf, Canit lupuit No. 299/27. Squamous epithelioma of the 
tontiL A separate paper describing this has already been offered to the 
Pablioation Committee of the Society. 

(e) *^Weeper Capuchin, Ca&ne ap^lUt, No. 959/27. Carcinoma, ? mesoth^ioma, 
wtde^rea^ 

(d) Bkttd, No. 862/27. Sarcoma of lungs. 

(e) lUoeo^ Preepoe htor. No. 889/27. Growth of thyroid with seoondaiy 

metasliies in 

if) Unowned Dniker, eeiwiuifa, No. 192/27. Growth of media- 

stittotti, with Moondary deposits in the lungs. 


8 * 
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( 2 ) Bh'da, 

(a) *White-weclted Stork, BUsoura eptseopus, No. 32/27. Neoplasm in Myo- 

cardium with secondary invasion of lungs, probably endotbolioma. 

(b) *Budgerigar, Melop$ittaeus undulating No. 166/27. Hypernephroma of 

right kidney. 

(r) •Budgerigar, No. 246/27. Hypernephroma of left kidney. 

(d) •Budgerigar, No. 403/27. ? Neoplasm of peritoneum. 

(e) •Budgerigar, No. 693/27. Fibro-adenoma (? carcinoma) of ovary. 

(/) lluppeirs Long-tailed Glossy Starling, Lamprotomus purpuropteruSy 
No. 795/27. Neoplasm of liver, P melanotic sarcoma. 

(3) jReptiles. 

(а) •Tigrine Frog, liana ti^rina. No. 30/27. Adenoma and mycosis. 

(б) •Moccasin, Ancistrodon pUoivoruty No. 76/27. Malignant adenoma (duct 

adenoma) of liver. 

(c) Galeated Pentonyx, Pelomeduaa galeata. No. 91/27. Neoplasm of right 

ovary. 

(rf) Elegant Terrapin, Chrysemgs elegant, No. 98/27. Sarcoma of femur. 

(e) Exanthematic Monitor, Taranut exanthematicus, No. 200/27. Neoplasm 
of liver. 

(/) Nilotic Monitor, Varanus niloticue, No. 665/27. Growth of liver. 

(ff) Gigantic Cyclagras, Cyelagrat gigat. No. 761/27. Sarcoma of neck (spindle- 
cell). 

1. The Weeper Oapuchhi, CAmg apella. No. 359/27, presented 
«L remarkable pathological condition. It had been in the Gardens 
for seven months, and during the last three weeks of its life had 
been in the Sanatorium on account of emaciation and progressing 
weakness ; there had been no cough. An autopsy was performed 
within an hour or so of death. On opening the body the right 
pleura was found to be adherent to the inner aspect of the ribs 
throughout its whole extent, and there was a little blood-stained 
fluid, 2 ozs. or so only, in the pleural cavity. The right lung was 
large and filled the right side of the thorax, and even encroached 
beyond the middle line. It was largely occupied by innumemble 
semi-translucent nodules of gristly consistence, each the size of a 
small pea, but in some parts coalescing to form a mass as large as 
a filbeiii. The upper part was firmly fixed to the upper ribs and 
clavicle. In the left plewral cavity was turbid, but not blood- 
stained, fluid; the left lung was thrust back into the costo- 
vertebral angle, but was also infiltrated densely with nodules 
similar to those in the right lung. The right side of the 
diaphragm was densely infiltrated, and the perioaardium showed 
several deposits on the surface and extending through the mem- 
brane to the interior, but none were seen on or in the heart itself. 
There were scattered deposits on the inner aspects of the ribs 
on both sides. With the exception of the kidneys and adrenals, 
the abdominal viscera were free from disease. The upper pole 
of the right kidney was enlarged to the size of a golf-ball, with a 
bossed surface due to the many nodules of growth ; theZ^i^ kidnep 
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was but little more than the normal size, but within it, on the 
•antero'lateral asjwct, was a deposit, similar to the others, the 
size of a large pea ; the adrenals were large and prominent, and 
in the left were small whitish deposits. There was infiltration 
of the glands in various situations, namely at the lulus of the 
lungs, the sternal, infra-clavicular, vertebra], diaphragmatic, and 
lumbar glands. A study of the sections reveals the condition to 
be a highly malignant growth. 

1 am indebted to Dr. J. Beattie, late Anatomist to the Society, 
for the following remarks on the anatomical distribution of the 
lesions : — 

Primary lesion. Upper pole of the right kidney. Primary 
spread to lungs vid the renal veins, inferior vena cava, and 
pulmonary arteries. These are the first crop of secondary meta- 
Stases (in lungs). Spread from lungs (second crop of inetastases) ; 
(a) to hilus glands ; {h) through pleural adhesions to the sub- 
pleuml plexus umler the mediastinal pleura. Tertiary leswis 
(third crop) found in the following sites : (a) in sternal glands 
and in sternal lymphatic vessels, and in the infra-clavicular glands ; 
(/>) in vertebral lymphatic glamls ; (c) in diaphragmatic glands 
(from the mediastinal subpleuml plexus). Quaternary-lesions 
(fourth crop) : (a) into superior surface of the diaphragm and 
thence to the lumbar glamls ; (6) by either retrograde lymphatic 
flow to the left kidney or by infection through the blood-stream 
(unlikely). 

2. Crowned Diiikei*, Sylvicapra coronata^ No. 192/27. At the 
upper pait of the thorax was a large mass filling the anterior 
mediastinum, yellowish-white in colour. It lay between the 
pleural sacs, but adherent to both. The upper lobe of the right 
lung was solid with tumour-mass, extending directly into the 
growth in the mediastinum. The middle lobe was marbled with 
growth which seems to have extended by way of the bronchi, and 
the lowest lobe was heavily infiltrated. There was no direct 
extension of the centml tumour into the left lung, but secondary 
dep<xiit8 were present in it also, having apparently gained 
entmnce along the bi'onchi. Both lobes were affected, but the 
upper more than the lower. The pericardium was adherent to 
the under surface of the mediastinal tumour, and was thickened 
and infiltrated. The thymus was not obviously connected with 
the main tumour. The bronchial glands were infilti'ated, as 
were also the internal mammary, all being enlarged, whitish in 
3olour, and hard. 

Sections showed the growth to be a Strepiothmx. Extension 
would seem to have taken place at first by contiguous spread and 
later by way of the bronchi, 

3. The White-necked Stork, No. 32/27, showed a white deposit 
in the myocardium involving both the right and the left ven- 
tricles anteriorly* It extended throughout the wall of the left 
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ventricle to the endocardium, and when the cavity was opened,. 
thei*e was seen to be an excrescence projecting into it and several 
smaller, more sessile, deposits, find scattered in tlie thickness of 
the myocardium were others. There were two small focal deposits 
in the lungs. Microscopically, the tissue was made up of spindle- 
cells adjacent to and invading the heart-muscle, and there were 
aggregations of larger cells with a vacuolated cytoplasm. Inter- 
mixed were small, hyaline, and granular masses, which were, 
perhaps, degenerating muscle-fibres. The deposit seemed to be 
hardly cellular enough to be a sat'coma, but rather of an endo- 
thelioinatoiis(mesotheliomatous)type. Moreover, in the secondary 
deposits in the lung the aggregated cells were chiefly peri-arterial, 
and the endothelium had a paiisade-like arrangement with sur- 
rounding extravasation and cellular proliferation — in short, n 
perithelioma. 

4. The four Budgerigars may be considered together : — 

(a) The first, No. 156/27, had a tumour the size of a small 
cherry, pinkish-yellow in colour at the upper pole of 
the right kidney, attached internally to the testicle 
and externally to the kidney. It may have been an 
adenoma of the adrei al, or a hypernephroma of the 
kidney, as in its growth it had obliterated the adrenal 
gland ; its structui'e is that of a hypernephroma. 

(d) The second, No. 245/27, was very similar, but on the 
other side. There was a yellowish mass, as large as a 
pea, to the left of the left testis and adherent to the 
left kidney in the region of the upper pole. It had 
the same structure as the last and infiltmted into the 
kidney tissue. 

(c) In the third, No. 403/27, the peritoneum was thickened 

and adherent to the abdominal wall, and there was 
bloody fluid in the peritoneal cavity. Lying in the 
cavity was a large tumour, the size of a walnut, which 
was of varied consistence, part being cystic, pait 
gelatinous, and part solid. Microscopically, at the 
outer edge was seen what appeared to be the epithe- 
lium lining the peritoneum, while the interior seemed 
to consist entirely of blood, clotted and broken down. 
The condition may have been an organizing or broken- 
down heemorrhage in the peritoneum or hemorrhage 
into a peritoneal cyst, 

(d) The fourth, No. 593/27, presented a nodular tumour, 

partly solid, pai*tly cystic, the whole being as large 
as a walnut, in the ovary. There was a bemojtrhage 
in the peritoneum over the left half of the growth. 
Microscopically, it was seen ^ be a fibrcHwienoma 
(? carcinomatous). Death was due to pneumonia. No 
metastases were found. 
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5. Tigrine Frog, No. 30/37. This has already been mentioned 
under the heading of Mycosis, as the first instance of infection of 
this species by Monilia hatrachea. The kidneys were fused 
together in the middle line, and on the left surface was a tumour 
1*4 cm. in diameter, rough and granular, infiltrating into the 
tissue of tlie kidney. In the lungs there were several small 
nodular deposits, and in the liver were many greyish translucent 
foci which were thought to be perhaps helminthic. In the 
portions taken for microscopical examination, there was very 
little normal renal tissue to be seen, the structure being that of 
an adenoma, while hyphao of the mould were present in some of 
the tubules which survived. In the lung sections a similar 
development was present, together with hyphsB, and many alveoli 
were filled with growth. The tissue in the lungs strongly re- 
sembled the renal gi'ovvth, but in parts the alveolar arrangement 
of the ceils may have been the result of reaction to hyphal 
growth and to enclosure within the walls of the pulmonary 
alveoli. The liver sections showed only granulomatous tissue, 
and much of it necrotic, without hyphaj. 

A possible explanation is the following : — Infection by the 
mould in the kidney causing irritation and resulting adenoma- 
like growth, whence secondary deposits had occurred in the 
lungs ; or the mycotic infection in the lungs may perhaps have 
been primary there, or at least independent, and reaction to the 
hyphes and enclosure in the alveoli have produced the resemblance, 
as mentioned above, to the gland-like growth. This may possibly 
account for some, but not for all, since some of the alveolar cells 
in the lung are cubical, like those in the renal part of the 
tumour. 
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6. Notes on some East African Invertebrates collected 
in 1926. By Arthur Loveridge, C.M.Z.S. 

[Received August 5, 1927 : Read November 15, 1927.] 

The following observations were made when I was engaged on 
a comparative study of the herpetological fann«e of the Uluguru 
and XJsainbara Mountains in Tanganyika Territory on behalf of 
the Museum of Comparative Zoology, Cambridge, Mass. To 
these have been added half a dozen earlier unpublished notes. 

With the exception of Dar es Salaam and the few places 
mentioned in the earlier notes, all localities mentioned are in one 
or other of these mountain -ranges, their approximate altitude 
being as follows : — 

Uluguru Mountains. Usambara Mountains. 

Mkangazi, 3000 feet. Amani, 3000 feet. 

Mkarazi, 1500 „ Bumbuli, 2000 „ 

Vituri, 2000 „ Derema, 3000 „ 

Lutindi, 4000 „ 

Phillipshof, 5500 „ 

My grateful thanks are due to Messrs. Nathan Banks, Preston 
Clark, W, J. Clench, H. O. Dyar, S. Hirst, and Prof. W. M. 
Wheeler for carrying out identifications of the species in their 
own particular groups. 

Pheidole megacephala var. punctulata Mayr. 

My tent appears to have been pitched right above a nest of 
these annoying little ants, w'hich explore every corner in search 
of the edible. In the afternoon 1 disembow^elled a snake, the 
internal organs lying on a sheet of paper on my table. In a 
matter of seconds — or so it seemed to me — the news had spread, 
and a column, composed of two or three ants abreast, were 
streaming from the table on my left to the table on which the 
remains %yer6 ; the tw*o tables were of the same height and in 
contact with one another. I drew my table an inch away and 
watched to see what the ants would do. One after another 
paused for a fraction of a second on reaching the brink of the 
precipice and then leaped off — there was no question of falling ; 
they actually jumped. Having watched fifty or thereabouts play 
** follow my leader ” in this way, I swept up the rest of the column 
smd gave them to the frogs (Mkarazi, 21.x, 1926). 

TsmaoNU sp. immature. 

In the Lushoto-Phillmbof area of the Western XTsambaras 
one is often surprised at neavy drops as of dew falling from the 
trees. This occurs on bright sunny days just as much as on 
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overclouded ones. The cause of the phenomena is a larval bug 
called by the Wasumbara natives kidodwe. It is a little greyish- 
green creature with black markings on the head and thoracic 
region. These larvae assemble in groups, composed of about a 
score of individuals, on the twigs and smaller branches of the 
J[^/;ma-trees to feed by suction on its juices. They envelop 
themselves in a mass of froth, comparable to the “ cuckoo-spit ” of 
milder climates, and it is from this that the drops form and 
precipitate. Mr. D. K. S. Grant, Chief Conservator of Forests 
in the Territory, informs me that the tree from which they were 
collected, and which I pointed out to him, is probably Alhisia 
fastidiata (Phillipshof, 28. xii. 1926). 

Tefflus oblonqicollis Sternberg. 

While walking up the road behind me this morning, my wife 
called out for the forceps, with which to pick up a large Carabid 
known as dinindi to the Wasumbara. 1 suggested tliat it was 
quite harmless and that she should pick it up in Ixei’ fingers. How- 
ever, as she threatened to let it go if 1‘did not produce the forcei)s, 
I repented and retxirned to pick it up myself. She had headed it 
off with a stick, and it had come to rest among some dead leaves 
drifted against the bank, or cutting, on the mountain side of the 
terraced* roadway. As I approached, my hand with the forceps, 
it slightly tilted its abdomen and discharged some acid on the 
dorsal aspect of my wrist (whicli was a foot from the beetle) and 
on the inner aspect of my fore arm at the elbow (which was quite 
twenty inches from the insect). The burning of the acid on my 
wrist was slight, but where four drops fell on my arm it caused 
severe pain ; the four spots became white immediately and later 
turned red (Ainani, 20. xi. 1926). 

1 have since caught several more of these black-and-white 
bt^etles, and it is only occasionally that they use this defence. 
'J'he irritation lasted about an hour ; the red spots remained four 
days, and one has not entirely disappeared at the time of writing 
(Amani, 27.xi. 1926). 

Limacodid larva, probably of the Genus Setora. 

A native brought me an extraordinarily bizarre and handsome 
caterpillar which the Wasumbara know well and call chawaghe. 
It is just over an inch (thirty millimetres) in length ; the back 
and sides are at right angles to each other, and the tail-end by 
descending abruptly contributes to the box-like outline of the 
creature. On the back of the bead are two short horns, and 
these, like the other horns about to be described, give ofi* black 
bristles which ai-e banded with white near the tips ; another pair 
arise on the first segment and point forwards; a second outward 
and backward pair from the second segment ; a third backward- 
pointing pair on last segment — all of these are bright Cambridge 
blue. In the centre of the back are a series of diamond-shaped 
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green patches bounded by yellow lines. Tlie rest of the geo- 
metrically-planned pattern is composed of triangular gieen 
patches; laterally there is a dark blue line bounded by a red one 
and a yellow one ; the sides are yellow, with more or less quadri- 
lateral green patches ; below these are ten pairs (i, e, ten on each 
side or rear) of shorter greenish bristle-bearing horns similar in 
size and appearance to tlie first pair (Amani, 20. xi. 1926). 

When out in the foreKSt this morning one of the nati\es was 
severely stung on the foot by the spines of this caterpillar, which 
he brushed against or trod on in the undergrowth. Other 
natives infornietl me that its stinging possibilities are well known, 
and in consequence they avoid interfering with it (Derema, 
2.xii. 1926) 

AcANTiJosrniNX aussrcLDTi (Aurivillius). 

A native youngster brought me a fine moth measuring six and 
a half inches across the wings ( 164 mm.); naturally it was much 
rubbed by haiuHing, hut the ochre-coloured antenna* were intact ; 
the thorax was covered with scales like black velvet, the wings a 
brownish-grey anteriorly and olive po.steriorly. It was a female, 
the abdomen being distended with many eggs. The interesting 
thing about the insect w'as its legs. The child dropped it on my 
table, and twice J picked it up and twice 1 dropped it, for its legs 
^^ero armed with tliorn-like spines! The front pair >vere un- 
armed, tlie middle pair carried two spines apiece, and the posterior 
pair three spines, the longest of w’hich measured seven milli- 
metres, or nearly three-ieutlis of an incii, very formidable weapons 
when pressed into unwary fingers (Mkangazi, 20. x. 1926). 

Attid.'K. 

On my breakfast table this morning I noticed a suspicious- 
looking “ ant ” weaving palpi ! Closer investigation I'evealed that 
it w^as a .spider. A second individual was descending from the 
jam jar and a third was on a hook. Placing them in a tube I also 
put in a bead of jam, to which one of the spiders ran, mounted it 
with his fore legs, and seemed to be feeding. In approaching a 
magnifying-glass to see if this were really so, I scared it, and 
never saw one of them return to the jam the whole morning, 
though 1 kept the tube under observation as I was writing, A 
diminutive tineid moth and an ordinary housefly introduced from 
time to time only frightened tlie spider, who scurried airaf/ from 
the meal I had provided ! (Vituri, 31. x. 1926). 

Babyoukus gigas Kraepelin. 

This large scorpion, called Jkisusi in Kisumbara, was the only 
scorpion met with in the Uiuguru and Usambai*a Mountains. It 
is more abundant in the latter than in the former, and most of 
the specimens were collected at Amani. They were almost 
always found under the bark of standing or fallen trees or in 
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cavities in the decayed trunks. At Nyange a native was 
returning with several of them in a bag when he allowed the bag 
to brush against his bare leg. The resulting sting, though 
momentarily severe, did not appear to trouble him much after 
the first day. 

IsoMETRUs MACULATUs De Geer. 

This little scorpion was found to be extraordinarily abundant 
in, and under, piles of old palm-leaf thatching, of which one sees 
so much on the outskirts of villages. About thirty scorpions 
were seen in a single heap. One of these scorpions carried nine 
very diminutive and pallid ofifspring neatly packed upon her 
back. Salimu picked up neaily all our specimens with his bare 
fingers ; the majority he took up by the tail, but he would often 
clap a hand down on a fieeing scorpion or grab at one anyway he 
could. 1 saw him stung about the finger nails several times. 
He said that he felt the stings, but they were of no account as he 
had previously been inoculated against them ! The other natives 
were very cautious in handling these scorpions (1-3 miles south 
of Dar es Salaam, 6.xi. 1926). 

PflBYNISCUS BACILLIPER Gerst. 

In the process of demolishing a large termite-hill we unearthed 
a big female whip-scorpion. Her abdomen was concave as 
viewed from below, but this concavity was occupied by a roundish 
membrane. This membrane was apparently extruded from a 
small aperture on the anterior ventral surface of the abdomen, 
and was much distended with thirty-one eggs, having the 
appearance of white millet (Mkata Plains, near Kkata liiver, 
30. viii.21). 

SCOLOPENURA MORSITANS LinnSBUS. 

In clearing some leaves from a gutter at Morogoro a native 
gathered up one of these handsome centipedes and got bitten on 
the hand. The pain was intense at first, but by the following 
day the man did not appear to suflTer much inconvenience. I 
recall how at daybreak one hot and breathless morning at Frere 
Town I went out to the verandah and sank into a Madeira chair 
only to rise as promptly, for a morsitans emerged from one of the 
arms and began hurrying about in search of a quieter retreat. 
Elsewhere specimens were collected at Moshi, Kilosa, Dar es 
Salaam, and Lumbo(t7, d. 1918-1921). 

Ethmostigmus trioonopodus Leach. 

One of the commonest species, particularly in evidence after 
the first rains of the seasons. Specimens six inches in length 
were often collected, and I found it a difficult business to pick 
them up with a five-inch forceps ; you can both see and hear their 
big jaws champing on the metal. The biggest I have seen 
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(though possibly it was TrachycormocephalU mirahilia^ which was 
also collected in this camp) was at Longido West, 27. i. 16, when 
I was roused one night to capture the creature, which was 
scurrying over the “ ceiling ” of someone’s tent. I succeeded in 
getting it into the killing-bottle, but it was out again before I 
could push the cork in place. As it made good its escape, its size 
could only be estimated ; this we agreed was ten inches in length 
by half an inch in breadth. Elsewhere specimens were collected 
at Mbunyi, Moshi, Morogoro, Kilosa, Simbo, Izikisia, and Lumbo. 


Alipes grandidieri Lucas. 

The handsome violet Ra(|uet- tailed Centipede, called luge by 
the Wasumbara, is scarce in the Uluguru Mountains but very 
abundant on Mt. Bouiori (Homoli) at Ainani, in the Usambaras. 
It is well distributed through tlie surrounding country, where it 
was found in large rotting sections of tree-trunks. 

The adult is plumbeous with violet-coloured legs, but its chief 
claim to distinction is a pair of large leaf-like or racquet-shaped 
caudal appendages each having a sphish of violet on its other- 
wise semi-transpHient brownish surface; there is a reddish mark 
near the base of the leaf, and sometimes the colouring is suggestive 
of eye-spots. The antennsD are purplish or deep violet. It has 
been said that the appendages are waved to and fro during the 
progress of the centipede, in order to distract the attention of 
birds who might thus be led to attack the least important end. 
To test this 1 liberated several centipedes on the road, but the 
appendages were carried at an obtuse angle and not moved at 
all. In marked contrast is its behaviour if held down or arrested 
in its walk ; then they are violently agitated, as the creature 
%vriggles and bites in desperate elibrts to free itself. 

Many females were taken candying their eggs or young. They 
were found resting in cavities in the logs and holding the eggs 
or young with the posterior middle pairs of legs ; in w^alking 
this necessitated certain segments of the body being arched. 
Not infre<|uently a second centipede, presumably tlie male, was 
found in the same cavity as the egg-lmlding female. The eggs., 
which were three millimetres in diameter, have the appearance 
of little globules of pale amber ; their numbers vary considerably — 
in one instance a female carried twenty-four, in another seventy. 
The young when hatched are perfectly white and show no trace 
of the leaf-like appendages; these young lie parallel with the 
mother’s body and form quite a considerable bundle, as fifty-five 
were removed from one female on November 24th. Thirty- seven 
were taken from another female on the same date ; tiiese were 
more advanced and showed slight violet tinting and leaf-like 
appendages. My native collectors brought in eight others the 
same day which were violet-coloured, but wdjether taken off the 
motlm *9 or pnly with lier, 1 cannot say (Amani, 24. xi. 1926)« 
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Geophilipas. 

Two slender geophilids outside my tent attracted attention 
by the very strong phosphorescent trail which they left ; their 
glands literally spilt phosphorus on the forceps when picked up. 
Though only an eighth of an inch in breadth, one measured 
seven inches in length (Kibakwe, 9.ii. 1923). 

The first heavy rains for many months fell yesterday, and this 
morning two geophilids were found partially buried in the sandy 
road ; each was holding a large and still struggling termite 
(Kikuyu, 10. ii. 1923). 

Very numerous under stones between Mpanira and Kidengo, 
ii. 1923. 

Polypesmida:. 

When several of these large brown polydesmids {Orodesmiis 
omaiua Cook $ , and Orodeamus spec. $ ) are placed in a cyanide 
bottle their exudations smell strongly like crushed laurel leaves 
(Lutindi, 10. xii, 1926). 

Spirostreptus. 

When taken off a tree-trunk this large black millipede exuded 
a fluid wluch stained my fingers yellow and smelt like nitric acid 
most powerfully (foot of Mt. Lutindi, 11, xii. 1926). 

Achatina ranoabeli Bourguignat. 

In cleaning one of these moll usks (M.C.Z., No. 53211), picked 
up to-day, I found in the apex of the shell eleven eggs of a pale 
lemon-yellow colour and each measuring 6x4 mm, (Kilosa, 
20.vii.l921). 

Acuatina zakzibarica iuotelleri Bourguignat. 

This species of giant snail is viviparous, for I found one dead 
upon the path with many young snails dead within and around 
its shell (Amani, 22. xi. 1926). 

If further proof were necessary, it was furnished to-day by a 
native who, in carrying home three of these snails for me, broke 
one and thus liberated seventy-four young snails, each of whose 
shells measured about 10x8 mm. (Amani, 27. xi. 1926). 

Achatina zanzzbabica ihotellseii Bourguignat. 

In walking through the forest here we have been struck by 
the number of large snails, koewe as they are called by the 
Wasumbara, lying on the paths. Their shells being smashed, 
there are liberated a great many bright chrome^loured, bard- 
shelled eggs measuring 10x7 mm. each. It seems probable 
that the snails had fallen from the branches some sixty feet 
overhead ; and as only one of eight speeimens seen in this after- 
noon's walk was without eggs, it appears possible that the 
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heavily-laden females misjudge their adhesiveness to carry the 
weight of 6ggs, thus meeting with an untimely end. 

That this is not the normal way for the eggs to be liberated 
(as one conversant with native stories as to the birth of 
chameleons might be led to suggest) is proved by the fact that 
we found several batches of the eggs deposited in moist situations 
beside, and almost beneath, fallen tree-trunks. One batch of 
eggs, strewn around the remains of a broken shell on the path, 
was found to number slightly over one hundred and four 
individuals (as some were smashed, the precise number could not 
be ascertained). That these giant snails have not been broken 
by some bird or beast of prey is to be argued from the fact that 
the flesh is not molested, but provides food for the hordes of ants 
which attack every helpless or dead creature in the forest. There 
remains the possibility that they are wantonly thrown down by 
colobus monkey, or hornbill, all of which are plentiful in the 
forest (Amani, 21. xi. 1926). 

Mr. W. J. Clench, who has determined these shells, adds the 
following note : — 

Pilsbry * reports that the “ Achatince are oviparous ; their 
eggs are numerous, as many as one hundred and ninety-six 
having been seen to be deposited by one individual.” The two 
cases recorded above probably indicate an oviparous condition, at 
least existent in this species of Achatina* The usual method is 
perhaps the laying of the eggs before hatching, only an occasional 
individual producing the young alive. It is quite probable t fiat 
these eggs hatch very soon after being laid, thougli 1 have failed 
to find any notes regarding this matter ; perhaps the above notes 
pertain to individuals that were unable to find suitable places 
to deposit the eggs before hatcliing. 


♦ PiHbry, H. A., 1919, Bulletin. Am. Mus, Nat. Hist. vol. xl. art. 1, p, 60. 
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7. Notes on Oriental Dragonflies [Odonata], with De- 
scriptions of Now Species. By the late Mr. H. 
Campion and by h\ F. Laidlaw, F.Z.S. 

[Received November 9, 1927 : Read February 7, 1928.] 
(Text-figure.s 1-.3.) 

(’ONTENTS. 

I. Jiitro'lurtum 

II Note-, and iHNcnptioii'. oI Xew SpH-ie.s 

1. Introduction. 

Amongst; some imniusciipt notes of the late Mr. II. Campion 
were <lescriptions of two new species of dragonflies from Luzon, 
togetlier with admirahie wing-photos by Mr. F. W. Campion. 
The descriptions were drawn up with tlie care and accuracy 
which w^as so cliaracteristic of my friend, and it seems to me 
that they ought to be published. I have arranged them, as they 
were not in suitable form for printing, and with them ofier some 
notes of my own on species which are new or otherwise of 
interest. 


Pftir? 

12 .) 
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11. Notes, and Descriptions of New Species. 

Tetracnntha’fyna hnkeri^ sp. n.. Campion (MSS.). 

MeHO'iouiphtifi /ie)}r}fi^ sp. ii. 

Procorduliit heierodoxa (Sel3^»). 

Mdcroiitia moorei Difdat/ana, suhsp. n. 

Orob^stm walhiad (Kirl»v). 

('dliainnis chas€)tu J^p. n. 

TebiohaBu sp. n., Campion (MSS.). 

ANISOPTERA. 

S C 11 N I D 

Tbtracantiiagyna BAKER! CauipioD MSS., sp. n, (Text-fig. 1.) 

1 cJ (holotype), Mt. Makiling, Luzon (<7. F, Baker), 

Length of abdomen 60-f-7*5 mm., of hind wing 60 mm. 

Labium, labruin, clypeus, and antennie pale reddish brown ; 
frons brownish yellow ; anterior ridge on frons black, the 
blackness extending over the superior sut*faee of the frons in 
the form of an ill-defined triangular mark* Vertex reddish 
brown. 

Pooc* ZooL* Soc. — 1928, No* IX* 


9 
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Prothorax pale yellow, 

Meao-metathorouc rather dark reddish brown, without pale 
stripes or other markings. 

Legs bright reddish brown ; tarsal claws blackish. 

Abdomen very dark reddish bro'vn, tending to become black 
towards the terminal segments, without pale markings of any 
kind. Segments 8 and 9 without any apical spines. 

Anal appendages. Upper pair black, as long as abdominal 
segments 9 and JO together, each in dorsal view narrow at base, 
and gra<lually becoming wider until just before the apex, which 
ends in a short acute point directeil slightly outwards ; in lateral 
view rather wavy, considerably thickened a little beyond the 
extremity of the lower appendage, without any ventral spine. 


Text-figure 1. 



Wings of holotype male Tetracanthagyna bakeri, (B\ W. Campion photo.) 

Lower appendage black tinged with red, truncate and slightly 
hifid at apex, a little more than half as long as the upper pair, 
gently curved upwards from base to apex. 

Wings without markings, except for a trace of dark brown in 
the costal and subcostal spaces at the base of each wing. 

Main longitudinal veins somewhat reddish at base, venation 
otherwise nutmeg-brown. Pterostigma 3*5 mm. long, not braced. 

Anal loop of hind wing containing 13-15 cells, membranule 
whitish. Area between Cu^ and Cu^ in fore wing with one row 
of cells at base. 

Five rows of cells between Ms and Rspl on fore wing, four to 
five rows between and Mspl at widest point. Anal triangle 
3 'Celled. Triangle of fore wing with 8-9 ceils, of hind wing 
with 7-8 cells. All four sub«triangles 2-celled. Supra- triangles 

lOyll 

TTa* * ^ 
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1 (S f Mt. Makiling, Luzon (Baker, 21199). Paratype. 

Length of abdomen 58 -f 8 mm., of hind wing 58*5. 

Ptemstigma 3*5 mm., dark reddish brown. The darker ptero- 
stigma indicates that this specimen is more fully adult than the 
holotype. The venation is reddish throughout. Otherwise the 
specimen agrees very closely with the type. 

A third specimen from the same locality ns the two preceding 
likewise conforms closely to the description of the type. 

This line new species, whose discovery extends the range of the 
genus to the Philippine Islands, is very distinct from other 
mombers of the genus, but at the same time falls within the 
generic definition without any difficulty. 

By its uncoloured wings it differs from plugiata, vittata, 
hrunneAt,vi\\A degorsi, and by the unmarked thorax from plagiata, 
vittata, and waterhouseL In size it agrees fairly well with degorsi 
and waterhjomei. 

The female is unknown. 

[It may be remarked that the male of hrnnnea is also unknown, 
and if, as is possible, that sex has colourless wings and is smaller 
than the female to the same degree proportionately as are males 
of the other species (the female brumiea has the liind wing 67 mm. 
long), then the male hrunnea may prove to be veTy much like 
the male hakeri.]^ 

Holotype S British Museum. 

Paratyjms in British Museum and <S sent to IJ.S, National 
Museum, Washington. 


G O M P H I D 

Mbsooompiius henryi, sp. n. 

4 d 1 ? 1 Woodside, Urugalla, Ceylon, 3000 ft., 15. iv. 24. 
** Sits on stones in stream.” 

d. Length of abdomen 304- 3*5 mm., of hind wing 25 mm., 
ptemstignia 4 mm. 

Colouring black varied with yellowish green. 

Head* Lahrum yellow, witli a black triangular mark at its 
base, the apex of tlie triangle directed forward. Anteclypeus 
yellow, post-clypeua black. Gense yellow. Frons, vertical part 
black, horizontal part black, with a pair of transverse-oval 
yellow spots. Vertex black. 

Prothorax, Dorsal surface entirely black. 

Meso-imtathorax black, marked with greenish yellow as follows : 
A mesotlioracic collar, interrupted in the middle line. A pair 
of narrow, ohiong-oval, dorsal spots not meeting the collar, and 
running obliquely outward and forward, a minute humeral spot 
above anti to the outside of these on either side. The ineso- and 
metepimerites largely yellow, with a broad black band covering 
the metepisternite and extending a little on either side of it. 
Hinder margins of metepimeidte black. L^s black, outer 
eurface of ba^l half of femora marked with yellow. 


9 ^ 
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Abdomen black, segments 1 and 2 with yellow lateral markings, 
which include the auricles. The second segment has also a 
narrow, longitudinal, mid-dorsal band of yellow. Segments 3~7 
with lateral basal iiiuikings of the same colour; those on 4-6 
small and triangular, on 3 and 7 extending for fully the basal 
half of the segment, and each divided into two by a fine 
transverse line of black. 

Segments 8, 9, 10 almost entirely black ; in one specimen there 
is an obscure mottling of brown on the exfoliation of 8 -9, which 
are otlierwise entirely black, except the ventral surface of 10 
which is dark browm-black. 

Anal appendages identical in shape with those of J/. llneatvs 
(and of other males of the genus). Upper pair formed rather 
like a pair of cliamois-horns, olive-brown, tinged witli black at 
the base ; lowH*r appendage much shorter, strongly curved and 
deeply cleft, black or very dark brown. 

Costal nerve finely lined with yellow as far as the ptero'^tigma. 
Fore wdngs wdth 12 antonodal and 7 post-nodal cross- nerves. 

g . Length of abdomen 29 mm., of hind wing 26*5 mm. 

Wing with a smoky tinge. 

Colouring as in the male. Abdomen slender, its three apical 
segments entirely black. 

Vulvar scale short, about one-half the length of tbe ninth 
segment, deejdy cleft. 

Holotype and allotype, in the British Museum. 
2d 6 para types returned to the Colombo Museum. 1 para- 
tyj)e in my own collection. 

This fine addition to the dragonfly fauna of Ceylon is closely 
allied to M. risi Fraser. It differs in its larger size, narrower 
dorsal thoracic markings, and black vertex, as well ns in having 
the anal appendages yellowish brown, whilst in risi they are 
black marked with yellow at the base. 

Another allied species, M, capricomis (Forster) from Singapore, 
has tbe dorsal thoracic spots more roundly oval, the lahi um and 
clypeus entirely yellow, the exfoliation of the ninth segment of 
the abdomen bright orange-yellow, and the anal appendages 
jet-black. 

The terminal segments of the abdomen and the anal appen- 
dages of the males of all the species of the genus are very 
similar in structure and appearance. 

JjTBELLUliIDiE. 

CORDUUINiE. 

Peocordulia hetekodoxa (de SeJys), 

1^,1$, Mt. Makiling, Luzon (Baker), 

Examination of this pair makes it fairly evident that the 
species is not a true Somatachlara and can be referred without 
much difficulty to the present genus. 
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The “ internal triangle ” of the hind wing is absent in both 
the specimens before me, and also in the female figured by 
Martin (hoc, dt.), 

Venationally hetero(lo,r.a difters a little from other species of 
Frocordtdia in having an accessory “ bridge cross-nerve.'" 

It difiers also in the shape of the anal appendages of the male, 
which are long and have the upper pair decidedly more like those 
of some species of Somatochlora than those of Procordulia. 

In general apf>earance this be«autiful species resembles rather 
closely P, anmhawana (Fdrstei*), which is geographically its 
nearest neighbour — this latter, of which I have been able to 
examine two males from (Jelehes in Mr. Williamson’s collection, 
is a true Procordulia^ and its recorded range includes Java, 
Lombok, Sumbawa, and Celebes. This species was also descri])ed 
as a Somatochlora in tlie first instance. 

It is possible that heterodoxa may ultimately recpiire the 
creation of a distinct genus to hold it. This genus would be 
characterised by the absence of an internal triangle in the hind 
wiTigs, the presence of an accessory bridge-nerve, and the 
brilliant metallic colouiing of the body, with the thorax un- 
marked, The \ipper anal appendages of the male long, straight, 
and bluntly pointed, and the second tibia without keel. (See 
Walk<'r, Utiiversity of Toronto Studies, Biological Series, 
Ko. 2fi, p. 16.) 

Machomia mooret malayana, subsp. n.* 

1 J, L. Tamang, Pabaug, 13. vi, 23 {F. W. Chosen). (Holo- 
type ; deposited in the British Museum.) 

Length of abdomen 44 -f 2*5 mm., of hind wing 43 mm. 

Head, Upper lip, cly)‘eus, frons, and occiput reddish brown, 
the horizontal part of the frons and the vertex with metallic- 
green reflex. 

Prothorax reddish brown. 

Meso-metatho^'ax reddish brown, wdth a lateral yellow stripe 
coveiing the spiracle and lying along the line of the first latei-al 
suture. On either side of this yellow line the lateral surface is 
strongly tinged with metallic green, whilst the iipf^er half of the 
dorsum has a distinct, though less strong, tinge of the same colour. 
The yellow lateral line is continuous over the postnotuin. 

Abdomen black, without green metallic reflex. First segment 
brownish yellow. Segments 3-5 with yellow lunular ring; 
7 with a yellow ring covering its basal third, and prolonged a 
little in the mid-dorsal line. 

The tenth segment baa a longitudinal mid-dorsal ridge, on 
either side of which near its proximal end there is a very 
minute tubercle. 

Legs black. 

Anal appendages black. Upper pair each with a small median 
externo-lateral tooths Lower appendage equals upper in length. 

♦ Cf. If, irUsbereidaia TtsMer. 
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Wings, 14 anteiiodals, 9 post-nodals on fore wing, otherwise as 
in typical race. 

Genital structures of second abdominal segment. Apparently 
closely similar to those of typical mce, but the specimen is 
crushed and exact details cannot be niade out. 

Distinguished from the typical race, which occurs in Assam, 
by the absence of ^^ellow markings on the sixth abdominal 
segment, less extensive yellow on the se^enth segment, and 
absence of brown markings on segments 8, 9, 10, as well as by 
the black colour of the anal appendages, which in typical moorei 
are brown. 


ZYGOPTERA. 

S Y N L E S T 1 D JE. 

OiiOLESTES WALLACEi Kirby, 

Lestes wallacei Kirby, Proc. Zool. Hoc. London, 1889, pp. 302- 
303. 

Lestes ridleyi Lnidlaw, Proc. Zool. Soc. London, 1902. j). 92. 

Lestes sp., Laidlaw, llec. Ind. Mus. xix. 1920, pp. 148-149, 
fig. L 

2 cJ d. 

I have compared these specimens with Kirby s type ( $ ) in 
the British Musetmi, and am satisfied as to the correctness of the 
synonymy quoted above. Also, by the kindness of Col. Fraser, 
who has examined the type of OroUstes selysi in the McLachlan 
collection, I have been able to determine that the present 
species is beyond doubt congeneric with McLachlan's specie.s, 
and must therefore be referred to the genus OroUstes, 

Orolestes wallacei has not the richly pigmented wings of 
0, selysi^ but an examination of the wing-photo taken for me by 
Mr. F. W. Campion will show that the whole costal area of both 
pairs of wings is definitely, though not strongly, tinged with 
grey-brown (see Lnidlaw, Rec. Ind. Mus., supra^ text-fig. 1). 
The wings altogether have a more smoky ” appearance than 
is the case in Oriental species of Lestes with which I am 
acquainted. In younger males, however, and in the female 
this trace of pigmentation is absent or very little evident, 
and even in the adult male figured such evidence as it affords 
in support of the reference of the species to Orolestes was 
overlooked by me. 

In discussing the venation of the specimen figured, I suggested 
that there was a slight error in McLnchlan’s description of the 
quadrilateral of the genotype ; and I find from Col. Fraser that 
my surmise was correct. I propose to define the genus as 
follows : — 

A genus of the Synlestid© in which the adult males of the 
known spedes have wings with some degree of colouring. The 
wings are petiolated to the level of Ac, which lies nearer the level 
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of the first than of the second antenodal. Bs rises about one 
cell distal to point of origin of ; an oblique vein usually 
present. Venation very rectangular j except about the supple- 
mentary sectors. Tiiese are developed between J/ja aod 
between and JiSf and between Bs and Quadrilateral 

with its anal side twice the length of the costal side. Ptero- 
stigina large, about four times as long as broad. Abdomen 
relatively long ami slender. 

Distribution. Assam, Tonkin, ]\Ialay Peninsula, Porm*o. 

I do nut doubt but that the larva described by Needham 
(Entomol. News, xxii. 11)11, pp. 342-344, ])1. xi. figs. 1-4) is to 
be ascribed to Orolestes and in all pi'obabilit}" to seh/si. It is 
distinctly Synlestine in character, and not unlike that of 
Jfegalestes major Selys, of whicli 1 have given a short account 
(Rec. Ind. Mus. xix. 11)20, pp. 185-187, text-figs. 1,2). I have 
discussed tiuse larvie with J)r. Tillyard, who agrees that they 
must be regarded as belonging to specie.s of 8ynlesti<he. 

The genus 6)/7yZes*/f»«simulates Lestes^ perhaps, more closely than 
does even Megalenies as x’egards its \enation. But the regular 
rectangular chaiacter of tlie venation is enough to put one on 
one’s guani, though it is true that both Kirby and myself were 
not siifiiciently impressed thereby to refer the species otherwise 
than to Lestes in the fir.st instance. 

Tnrce s['ecies of the genus Orolestes have been described. 

The males niJiy be distinguished as follows : — 

I. Wings coloured in paito with deep l)ro\vn*hluck. 
a. PignuMited arej* extend'* from nodus to within one 
or t\\o eellhot' the pterostiguia, itsdistal umrgm 
croj*'*iiijf the wing tninsxeiM'l) at right nngles to 
tlic long axis oi the uing. 19-30 post. nodal 
nei'Neji. Length ot hind.uiiig about 37'o mm. . O. selysi McL. 
h. On all tour wings a transverse band of dark brown 
heginiiiiig at the nodus and extending to a point 
about 8 cells diNtiil to it, widening |>oxteriorly bo 
as to cover aliout 13 etdU ut the liind.mnrgin of 
th<* w iiig. A second transv erse band 4 or 5 cells 
wide, under the pterohtigma, but not quite 
reaching the hinder border ot the wing. The 
fore vving« have tuns eight helta of colour 
h 1 together. Si/.e a little aiimller than 

poMtiiodala 18-20 O. oetomaculata Martin. 

II, Wings with feeble pigmentation. 

c. The wliole of toe narrow area of the wu’jig lying 
between the coital margin and the radius lightly 
tinged with gteyish hiow’n, tho rest of the 
w'ing ** smoky*' (in adult male). Venation 
relatively denser than in 0. sef^si. Post-nodaU 
18-30. Hind wing 28^6 mm. m length O. ivaUaeei Kirby. 

Sslysi is recorded from Assam and Tonkin, octomamlaia is 
known from a single male from Tonkin, described by Martin 
(‘ Mission Pavie, Zoologie, Liste des N^vropt^res de ITndo-China,' 
sep*, pp. 17-18). 

1 have seen examples of willacei from Borneo and from the 
Malay Peninsula. 
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Thus the Synlostidtu are represented in Tropical Asia by three 
species of Orolesies and two of Megaleates. 

Platycnemiu^. 

Calicnemis chaseni, sp. n. 

1 S (holotype), Jor. Pahang, 4. vi.22 Bingapore 

Museum)* Rather damaged. 

Lengtli of abdomen 26 mm. (circa), of Jdiul wing 22 mm. 

Head, Lower hp brownish yellow. Upper lip, gen^e, and 
anteclypeus brownish red, the rest of the dorsal surfaces of the 
head black, with a red hand acioss the frons at the level of the 
base of the antenme. A small transveise post-ocular streak of 
yellow behind each eye. 

Frotlwvax black above, lateral margins and ventral surfaces 
brownish yellow. 

Meso-metathorax, Dorsal surface black, with a carmine-red 
stripe on either side of the middle line, pointed above and below. 
The black colour extends laterally as far as the iirst lateral 
suture, the rest of the sides and ventral surfaces ycdlow, with a 
black stripe along the upper half of the second lateral suture. 

Abdomen aXmoiit entirely red. The lirst segment is yellowish 
with a square black mark on its doisum Begnients 3- 7 rather 
carmine-red, the remainder more of a brown-red. Ijiterseg- 
raental sutures marked with very dark bi*owui. On the ventral 
surface the colour is paler with a yellowish tinge. 

Legs black, coxse, trochanters, and anterior suiface of femora 
brownish yellow. 

Anal appendages (unfortunately, detatched from th(‘ abdomen) 
black, upper pair slightly longer timn lower, rather lancet-shaped, 
slightly bent downwards ; lower pair slender, curved inwards 
apically. 15-16 postnodal cross-nerves on fore wing. 

The holotype is deposited in the British Museum. 

This species is closely allied to C. eximiaaml to C, miniata^ 
but smaller and ratlier slenderer than either. From exhnia it 
differs in having the legs largely marked with black, whilst 
miniata is distinguished by black markings on the dorsum of the 
hinder segments of the abdomen. The occurrence of a true 
Calicnemis so far south is a surprise ; there is, however, an 
unidentified specimen nf the genus in the British Museum 
Collection from the N. Andaman Islands collected by Col. 
Bingham. 


CcBN AQ RlONIDiE. 

Teinobasis nigra, sp. n. (Campion MBS,). (Text-figs. 2 3.) 

1 S (holotype), Mt. Makiling, Luzon (16604, (7, F. Baker). 
Length of abdomen 36 mm,, of hind wing 21*5 mm. 

Head. Labrum whitish, upper lip, clypeus, and ridge on frons 
glossy black ; upper surface of head including the occiput dull 
black, antennse psle brown. 
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Prothorax blue-black, the posterior lobe rounded, almost 
vertical, 

Meso-metathorax, Dorsum deep blue-black, as are the mesinfra- 
episternuin and mesepiuieron ; metepistermim deep blue-black 
above the stigma and obscurely black below the stigma ; met- 
epirneron and ventral surfaces obscurely blue-black. 

Legs yellowish ; a blackish longitudinal line on external 
surface of each femur and tibia, and a narrow black ring at the 
apex of each tarsal joint. 

Abdomen very slender, somewhat dilated at segments 1 and 2 
Text-figuiv 2. 



VV in<rs of liolotv po iiialo Teinohnnh nigra, \V. CanipJon photo.) 


1 e\t- figure 3. 



Apex of abdomen of holotype male Teinohasis nigra. 


and 7-10 ; deep blue-black dorsally, with a pale ring at the base 
of 3-7 ; sides of 1-6 pale brown, 7-10 black. Ventral aspect 
coloured like the sides. 

Anal appendages (text-fig. 3) blackish, the upper appendage 
on either side has its upper branch about one-half the length 
of the lower branch. This latter is gently curved upwards and 
is longer than the lower appendage, which is stout and conical. 
Both pairs shorter than segment 10. 

Wings tinged with brown. Pterostigma covering one cell, 
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rhomboidal, black, finely bordered with yellow. The anal 
crossing lies much nearer the level of the second antenodal than 
of the first. J/jj and Bs quite separate at their origin, though 
close together, tiie subnodus lying midway between them. 
16 postnodals, 

$ (allotype), same data as for male, 

llead. Labium whitish. Labnun brownish yedlow, narrowly 
lined with black posteriorly. Clypeus bright brown, the junction 
with the frons lined with black. Gena? and anterior aspect of 
fron.s yellowish. Upper surface of head, including occiput, dull 
black. Axitenna} pale brown. 

Prothorax greenish brown, the posterior lobe rounded, almost 
vertical. 

Meso-metathorax. Dorsum reddish brown; sides, below the 
humeral suture, greenish yellow ; ventivd surfaces yellow. 

Legs yellowish ; blackish mai'kings ns in male. 

Abdomen very slender, somwhat <lilated at segments 7“-10, 
Segments 1-6 black doi’&ally, with fine wliitish rings at the 
intersegmental sutures. On 7 the black of the dorsum recedes 
from the sides at the apex of the segment, giving place to 
reddish brown, wliicb invades the venter and dorsum fiom the 
sides. Eighth segment with a mid-dorsal stripe of black, other- 
wise reddish brown. Segments 9-10 olive-green, dorsum of each 
mainly black. 

Wings tinged with brown, pterostigma greenish brown, 
bordered with yellow, Otljerwise us in male. 

This species difiers from its congeners in having and Rs 
sepamte at their origin, Ac nearer the level of the second 
antenodal than that of the first, and in having the lower branch 
of the up])er anal appendage longer than the upper branch. 

In colouring it resembles rather closely kirhyi Laidlaw from 
the Malay Peninsula (and ? Borneo), whilst its anal appendages 
are likewise similar to tliose of that species. It difiers, however, 
entirely in venation. 

Type 6 in the British Museum. 

[Since these notes went to press Dr. Ris has transferred the 
Sumatran species Lestes udeana Kriiger to the genus Orohstes, 
It is apparently closely allied to wallacei and adds a fourth 
species to the genus. Ris, Zool. Meded. 'g Rijks Mus. v. Nat. 
Hist. Leiden, x. Afl. 1927, pp. 11-15 (figs. 4, 6, 6).J 
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8, The Delacour Exploration of French Indo-Cliina. — 
Mammals. II. On Mammals collected during the 
Winter of 192(5-27. By Oldfield Thomas, F.H.S., 
F.ZS. 

[Itoceived DeceniWi* 6, 1927 : Kuad February 21, 1928.] 

In a previous paper under this hen4ljng I gave an account of 
the fine collection of Mammals obtained Messrs. Delacour and 
Willoughby Lowe in Tonkin and Burma during the winter of 
1925-26, wlien no fewer than 72 species and subspecies were 
found in the area explored. 

J now have the j Measure of giving a list of a second collection 
obtained by those two naturalists during the winter of 1920-27, 
in the same two countries, but for the most part at more southern 
localities than those previously explored. A considerable number 
of more southern forms, previously only known from Cambodia 
and Cocldn China, Jire therefore included, while many of the 
northern Tonkin forms drop out. 

During this trip the smaller terrestrial mammals had for 
various reasons to be somewhat neglected, so that little has been 
added to our knowledge of the Rcnlents, other than Squirrcds, or 
of the Insectivores and Hats. Hut a particularly fine collection 
of Monkeys was made, among them being several remarkable 
species previously only known by single examples, such as 
Uylobaies concolor gah'iellas from South Annain,and the northern 
Pithecas francoisi and poliocep/ialua described by the Paris 
naturalists and not previously represented in the British Museum. 
And there is a good series of the equally remarkable Pygathrix 
nigripesy only previously obtained for us by Dr. Vassal. The 
collection therefore adds very considerably to our knowledge of 
these various i-are Monkeys, ami by the liberality of M. Delacour 
causes an important increase in our material of them. 

As on the previous occasion, the ex^iedition was largely helped 
by the Percy Sladen and Godmari Exploration Funds, and the 
Trustees of these are to be thanked for the valuable results that 
have accrued. 

This second collection consists of about 300 specimens, belonging 
to 68 species and subspecies. In the previous paper 72 species 
are mentioned, and 35 in the still earlier paper on Mammals 
obtained by Mr. Stevens in Tonkin. 

The moat important localities worked this time by Messrs. 
Delacour and Lowe were: — Tam-Dao (3000') ; Bac-kan (500') ; 
Ngan-son (600') ; and Langson (500') in Tonkin ; Thua-luu near 
Hue, Annam, and, most important of all, Djiring (3000') in 
South Annam, where many of the most interesting species were 
obtained, representing forms described from still farther south, 
in Cochin China. 
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1, HyLOBATES CONCOLOR GABRIELL^ ThoS, 

(S . 6i)3. Djiring, S. Annam. 

Precisely similar to the hitherto unique type of rjahriellcey and 
therefore of much interest iu con tinning tlie distinction of that 
form from leacogenySy on which some doubt has been thrown. 
We now see that gabriellce is a genuine wild form, and not merely 
based either on an accidental A’ariation or on an imperfectly- 
preserved skin. 

In Mr. Pocock s recent paper on Uylohaies* y IL IcucogenySy and 
gahriellct are both consideied as subspecies of II. concolovy a 
conclusion which is supported by tlie essential identity in tlie 
skulls of all three. He also gives confirmatory evidence about 
the remarkable changes in colour that occur at different ages in 
H. leivcogenys which were recorded by me, on M. Delacour’s 
authority, in my previous paper. 


2. PftESBYTISCUS AVUNCULUS Dollm. 

e . 425. 425 (young), 474, 506, 509, 522, 529, 544. $ . 484, 

508, 519, 523. Kac~kan, Tonkin, 500'. 

A most valuable and interesting series, and one which shows 
that this fine monkey described by Holhnan and hitherto only 
known from the type and its infant paiatvpe, is a more 
remarkably -coloured animal than has been previously recognised. 

1 may first recall that Dolhuan’s Hhinopithecus avmiculua was 
made the basis of a new Presbytiscua — by Pocock t, on 

account of the stiajcture of its hands and feet, wliich are much 
slenderer and with longer digits than those of PhinopithectiSy a 
character quite confirmed by the present speciinerjs. 

Whereas in the type of P. avunculus, which canm from Yen- 
hay, perhaps 100 miles from Bac-kan, the crown and nape are 
uniformly black, little or not lighter tlian the back, while the 
face and throat are a dull whitish, well-marked specimens of the 
present series show a much more striking coloration. The 
forehead and cheeks are a snowy white, then on the crown there 
is a transverse blackish band, rather over an inch in breadth, 
which runs outwards and backwards to the hinder edges of the 
ears. Succeeding this the whole of the nape is a fawn-grey, 
much paler tlian the deeply black back. Below, the whole of the 
neck, from side to side, is occupied by a prominent ochraceous 
patch, which varies however in its depth and extent. It is 
indeed scarcely perceptible in the type. 

At first there seemed some doubt as to whether the Bac-kan 
monkey really was avvnculus, so different did the extremes 
appear. A study of the whole series, however, shows such 
variation in the colour of the nape and its degree of contrast with 
the forehead and crown, and in the depth of the oiange of the 


♦ P. Z.S. 1927. p. 719. 

7. fi 
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throat-patch, thfit I have now no <loabt that tlio two shouhl he 
considered ns specifically identical with tlie type, which is a 
female, unusually dull coloured, dark naped, and whitish throated. 

A baby specimen has pale brown hands and whitish feel, these 
pirts in the adult being deep black. 

3, Pygathrix NiauiPEs M.-Edw. 

cf . ()21, (529, (592. y . (514, (522, 628. Djiring, dnOO'. 

(S . 623. 5- i>44 (babies). Djiring. 

Three native skins, unsexed. Djiriiig. 

A most acceptable addition to our small series of this (Inc 
monkey, of which we had previously received examples from 
Lang Bian and Bali, col levied by J)r. Vassal. 

The variation within the series in the extent of the black 
markings renders me somewhat dubious as to the subspecitic 
<listinction from niyrijn^s of Mr. K loss’s Presh/lis luwtfpus vtOi\ of 
wdiich one of Dr. Vassal’s specimens is a, topotype and to which 
all of oiir Annam examples are presumably referable. I admit 
that I have not had tlie opportunity of examining Saigon 
specimens represmiting true but the resemblance of 

tliose we have to M iliie-Edward.s’s ligure is very close. 

Nor, on tlu‘ other band, is there anything in the whole series 
available of this genus to sup[)ort Mr. K loss's reference to 
ni(/rip<'^^ as only a subsj^ecics of nemaici, the striking coloiir- 
ditlenMici'S being >vell marked in all, without any tendency to 
intergradation. No doubt, the two are essentially very (dosely 
allied, but I should {irefer to call them distinct species until some 
evidence of intergradation is brought forward. The comparative 
nearness of the loealities, without intergmdation, would seem to 
npbobl tlie sjiecihc distinction of the two. 

The ha])y specimens, Nos, 544 and (523, are of great interest, as 
the Ijahy coloration of all the iiumkeys is very characteristic. Jn 
the youngest, No. 544 ( 5 ), the general body-colour is whitish, 
above and below, a darker wash along the middle area of the 
hack blackish. The crown and impe are covered with hairs, 
white basal ly and red at their tip.s, those on the triangle at the 
base of the tail, which is white in the adult, similarly white 
l)a.saHy and red terminally, an ill-defined blackisli transverse 
band just in front of it. Thighs whitish ; knee region blackish; 
feet pale brow'nish. No. 623 (S) has the crown more blackish, 
and its dark lumbar band is blackei*. 

4. PiTHBCUs POLIOCBPHALUS Trouess. 

* 550* From the Hanoi Zoological Gardens. 

new' t-o the British Museum, and consequently 
a very acceptable acquisition. Both these species were excellently 
figured by Trouessart in 1913 

* K. Arch. Mat. iv. pU* ii. A iii. 
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The type came from Kai-chin, north eastern Tonkin. 

The coloration is quite as figured by Trouessart except that 
there is rather less yellow on the throat, while the lumbar grey 
band is of rather greater extent. The great length and beauti- 
fully fine nature of the fur is a striking character of the species. 

5. PiTHECUS OERMAINI M.-Edw. 

160. Cochin China. Delacour and Jabouille Coll. 

218, 281. From the Zoological Gardens, Saigon. 

6. PiTHECUS PBANgOISI PoUS. 

cf . 543. Bac-kan, 500'. 

cf. 581. 2. 530. Langson, Tonkin, 500', 

<5*. 211. From Saigon Zoological Gardens. 

The type was obtained just across the Tonkin-Chinese frontier 
in Kwang-si, The species is new to the British Museum. 

When describing the closely-allied JP. laotum^ I commented on 
the rock-haunting habits of these two monkeys, and this obser- 
vation is confirmed by Mr, Lowe, who notes on one of the 
specimens “ a rock-loving species.” 

7. Macaca mulatta Zimm. 

$ . 449, 481, 507, 527, 550. Bac-kan, 500'. 

Attention may be drawn to Messrs. Hinton and Wroughton’s 
support of the name imdcUta for the common Khesus Macaque 

8. Macaca fasciculabis group. 

14, 114, 260. From the Saigon Zoological Gardens. 

I may take this opportunity of withdrawing the opinion 1 
expressed in the previous paper as to F. Cuvier’s Mmaoua 
^edoamy whose identification appeared to me to be too doubtful 
to be accepted. But 1 find that Mr. Pocock, whose knowledge of 
the living animals is so far superior to mine, had previously t 
identified it with the Burmese- An nam animals, which I called 
arctouiea^ and used the name faaccda for the Japanese monkey. 
On his authority, therefore, I am prepared to accept this view, 
and replace arctoidea by apeciosa for the Burmese species. 

9. Ptbbopus vampybus malacceksis K, And. 

600. Near Hu^, Annam. 

10. BoUSETTUS LESOHENAULTl Dosm. 

One young. Bac-kan. 
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11. Cynopterus SPHINX Vahl. 

Two from Hue. 

Similar to Teuasserim and Malay specimens, with very 
prominent ear-edge and white digits. Ears 22 ram. 

The division between sphinx and bmchyotis by the length of 
the ears is very unsiitisfactory. 

12. Ruinolopus affinis Horsf. 

Five from Langson. 

13. HlPPOSlDEttOS ARMIGER HodgS. 

Five from Djiring, S. Annani ; one from Bac-kan. 

Perhaps representiiig H. a. debilis K. And. 

14. Hipposideros bicolor Temm. 

One from Bac-kan. 

15. PiPISTRELLUS TRALATITIUS Horsf. 

(5 . 402, 410. 411. Tam-I)ao, Tonkin, 3000 . 

In tlie two previous Tonkin papers I was content to record the 
specimens of Pipistrel obtained simply as Pipistrellus sp., but I 
have now been able to examine more clasely all the Annam- 
Tonkin members of this interesting genus with a view to their 
better determination. 

The species of Pipistrellus are largely distinguishable by the 
characters of their penis-bones, or bacula, which show very 
considerable diversity, and by the expeit assistance of Mr. W. 
R. Sherrin in the preparation of these tiny bones I have been 
able to note the following characteristics of the Indo-Chinese 
species of this genus : — 


A. Baculum with a double curvature. 

Baculum very long, about 10-12 mm. Skull 12*2 mm. P. ahram%t$ Temm. 
fi. Baculum approximately straight, 
a. Baculum very hmg, about 9-10 mm. 

Size larger. Forearm 38 mm. Skull 14*6 mm. ... P. raptor Tbos. 
h, Baculum of m^di\im length — 5-6 mm. 

Forearm 33 mm. Skull 13’6 mm. P. tralaiitius Horsf. 

e, Baculum small — 2‘6-3 mm. 

Forearm 30 mm. Skull 12 mm P. cormnandrus Or. 


Specimens of P. ahramm were obtained by M. Delacour at 
Hu4 in his first collection, while P, raptor has not been captured 
since the original specimens were received in 1904 from “Tonkin.” 
Mr. StevensR Pipistrels were referable to the species obtained by 
H, Delacour at Bac-kan. This would appear to be specifically 
referable to the Indian P. coromandrw^ but the Further India 
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specimens diflfer sufficiently to observe a special subspecific name, 
as follows ; — 

IG. PlPlSTllELLUS COHOMANDBUS* TIlAMATUS, subsp, n. 

Ten specimens. Bac-kaii, Tonkin. 

[3 o' 1 4 $ . Thai-Nien, Tonkin (//. Stevens).} 

General characters as in S. Indian P. coromandriis, as identified 
by Wroiightoii, but the skull smaller and more lightly built, the 
muz/de lower, more slender, and the brain-case less broad behind. 

Baculum small ; that of the type 2*5 mm. in length, with a 
terminal fork. 

Dimensions of the type : — 

Forearm 29*5 mm. 

Head and body 38 mm.; tail 28*5; ear 10‘5; lower leg and 
hind-foot (c. u.) IG. 

Skull: greatest length 11*8 mm.; condylo-basal length 11 '4; 
basi-sinual length t H*G ; breadth of brain-case Irl ; mastoid 
breadth G*6 ; maxillary tooth-row 4*1 ; front of to buck i^f 
m3 2-7. 

7h/pe. Adult male in spirit. B.M. No. 25.1.1.120. Original 
number 101). Collected 30 March, 1924, by Herbert Stevens. 
20 specimens. 

All the 'J’onkin and Annam specimens in the Stevens and 
Dehicour-Lowe collections, as also one obtained by Mouhoto in 
Cambodia, agree in the more delicate build of the skull as comjwired 
with true Indian coi^onfandrtfs, but there does not seem to be 
any more tangible diflerential character, and \ therefore pro- 
visionally recognize the present animal merely as a local sub- 
species. 

17. ScoTorniLES kuhli Leach. 

Three from Bac-kan. 

One specimen is of the large dark-coloured typo, with yellow 
belly, similar to that which is usually found on tlie continent of 
India, while another is of the smaller kind usual in tlie Malay 
Peninsula. 

18. TuPAIA BELANGER! TONQUINIA Thos. 

Six from Bac-kan, one from Chora, Tonkin, and two from Thua- 
luu, Annam. 

Being all from the noi*thern part of the area treated of, these 
Tree-Shrews do not show any approach to the Nha-trang 
JT. concolor Bonhote. 

I fail to see any reason why the word coromandraf used in that form by Gray, 
Wroaghton,and others, should not be made to conform to the usual rule as to the 
termination of adjectival names, 
t <y. P.Z.8. 1908,p.688.S 
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19. DeNDKOOALE FllENATA Gr. 

cf . 598, 707. S? . 703, 704, An-Bink, Cochin China. 

No. 598 has all the bufty elements of its colour intensified, the 
belly being strongly ochmceous, while the lower light facial line 
is even ferruginous. But the other specimens are as usual. 

20. FeLIS TIGRIS L. 

Native skin without history. 

21. Felis tardus L. 

Native skin — nielanoid — no history. 

22. Felis viverrina Benn. 

Native skin without history. 

23. Felis marmorata Mart, 
c? . 552. Bac-kan, Tonkin. 

24. Felis hengalensis Kerr, 

Eleven from Bac-kan, one from Ngan-son, Tonkin, and one 
from Hue, Annain. 

25. IIertestks urva llodgs. 

Ton from Bac-kan (500 ) and six from Langson. 

2(5. Herpestes exilis Oerv. 

Native skin. 

27. VlVEURA ZIBETHA L. 

Two males and thnae females from Bac-kan, Tonkin. 

2 . Phiirieng, N. Cochin China (P. 1 ). 

28. VlVERRICULA MALACCENSIS Gm. 

cJ . 671, 572, 573, 574. Langson, Tonkin. 

5 . P. 2, P. 3. Phurieng, N. Cochin China. 

29. Pardictis pardicolor llodgs. 

(S . 485. 2 . 512, 528. Bac-kan, Tonkin, and one native skin 

from near Hanoi, Tonkin. 

SO. Parauoxurus birmanicus Wrought. 

. 657. Hue, Annam. 

31. Paquma labyata tunalxs Thos. 

* 2 • BBc-kan, Tonkin, 500’. 

Pmoo. Zool, Soo»-^1928, No. X. 
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32. Arotiotis binturong Eaff, 

One skin from Tonkin. 

33. Oheotoqalb owstoni Thos. 

491. Ngan-son, Tonkin, and four native skins without exact 
locality. 

In reference to my previous note on Chrotogcde^ a protest has 
reached me from America as to the opinions I have credited to 
the advocates of the tritubercular theory, and I am willing to 
confess that in supposing them to believe the Cat's dentition 
to be primitive I have maligned them. In fact, I am assured by 
Mr. Miller that the tritubercularists would say, as I do, that 
the Chrotogale dentition is primitive, and that of the Oat 
specialized. And so for this I must apologize, but, all the more, 
my objection to Mr. Le Gros Clark's statement tliat, because it 
is more simple, the dentition oi Ptilocercus is more primitive than 
that of Tupaia would seem to have been needed. 

34. CVNOGALE BENNETTTl Giay. 

477 (immature). Bac-kan, Tonkin, 500 ft. 

35. CuoN iiUTiLAxs Miili. 

$. 551. Bac-kan, Tonkin. 

One native skin. 

36. VULPES sp. 

$ . 570. Langson, Tonkin. 

37. Nyctereutes procyonoides Gray, 

6 . 569. 2 • 568. Langson, Tonkin, 500'. 

38. Helarctos malayanus Bafif. 

(S . 553 (young). Hue, Annam. 

39. Melogale piBRREi Bonh. 

cf . 678. Djiring, S, Annam, 

This specimen is of the usual grey colour, as found in M, per^ 
sonata^ and the reddish tone of Pierre's specimens is probably 
due to bleaching. Whether pierrei is really different from 
perBonata remains to be seen. The type-locality of pierrei is 
Saigon. 


40. Melogale pbrsonata laotuh Thos. 
(S • 555. Hud, Annam. 
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41. LiTTRA 8UMATRANA Gray. 

179, 199. Annam i^Delacour d: Jahouille). (Young.) 

Recorded from Siam by Gyldenstolpe. A subadulfc male, skin 
and skull, from Long-Xuyen, Cochin China, obtained by Capt. E. 
Dorr in 1883, was included in the collection of mammals pre- 
sented to the British Museum by M. Fernand Lataste in 1919. 

I fail to see any sufflcent reason for Pohle's resuscitation of 
Gunther’s Lutra lovii as distinct from X. aumatrana, and I should 
also doubt the validity of the former’s Z. hrunma^ from 
Pontianak. 

42. Hylopetes alboniger Hodgs. 

9 . 613. Djiring, S. Annam. 

43. Hylopetes spabicecs Bly. 

cf . 661, 662. Djiring, S. Annam. 

44. Ratufa giqantea McCl. 

Five from Tam-Dao, Tonkin. 

45. Ratufa bicolor smithii Rob. k Kl. 

cJ . 624, 615. 635. Djiring, B. Annam, 500'. 

A well-marked subspecies, discovered by Mr. Bodon Kloss on 
the Lang-bian Peaks, B. Annam ; the type presented to the 
National Museum by Messrs, Robinson and Kloss. 

46. Callosciuuus castaneoventris castaneoventris Gray. 

Seven from Tam-Dao, one from Chora, eight from Bac-kan, 
one from Langson, and three from Ngan-son. 

All therefore from Tonkin, this species apparently not passing 
south into Assam. 

47. Callosciurus flavimanus flavimanus Geoff. 

cf . 593, 594. Thua-luu, Annam. 

48. Callosciurus leuoopus Gray. 

Twenty-one skins and one in spirit. Djiring, S. Annam. 

Four from An-binh. 

For squirrels all from one locality, specimens from Djiring are 
unusually variable, mainly in the degree to which the general 
ooloiir is clear grey or suffused with huffy, the legs are or are not 
huffy, and the whole belly surface is or is not washed with huffy. 

In view of this variability, I am in doubt as to the validity of 
C* ImiOopuB maaali Bonfa. from Nha-trang, slightly to the north 
of Djiring, The three original specimens of it are all rather 

lO* 
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more sombrely coloured than in other examples of Imcopua^ and 
there is little trace of the light hip-patch generally present in 
that animal. 

49. Dremomys RUFioENis Blanf. 

Eight from Tam-Dao, three from Bac*kan, two from Thua-luu, 
one from Djiring. 

Again, as with Callosciurus leueopys “ vaasali^*^ we find a special 
dark form of Dremomys rufigenis (Z>. r. fu8CtJbs\ described by 
Bonhote on a specimen from near Nha-trang, and the same 
problem crops up as with the CallosciuriLs, This is as to whether 
there is really a special faunal area near Nha-trang where the 
animals tend to be more saturate, or whether some method of 
preparation of the skins may not have affected the colour in each 
case. 

It is hoped that fresh modern skins of these and other species 
will be obtained from the Vassal region, so that this question 
may be settled. 

50. Menetes berdmorei siibsp. 

cf . 697. An-Binb, Cochin China. 

Not determinable subspecifically at present. 

51. Tamiops maritimus Bonh. 

Twenty-five specimens from Bac-kau and Tam-Dao, Tonkin, 
and Djiring, 8. Annain. 

Using as before the interruption of the subocular light .stripe 
from that of the flanks as a specific character, 1 would pro- 
visionally refer these specimens from N. Annam and Tonkin to 
the ’maritimus of S, China, forms described from Formosa and 
Hainan being also very doubtfully sepai'able. Those from Tam- 
Dao, Bac-kan, and other parts of Tonkin are dull coloured, closely 
similar to Fokien and other Chinese specimens and mainly 
separable from macclellandi by the interruption of the lateral 
stripe. A more showy animal, distinguished by the light lateral 
stripe being on the average much more strongly marked, is repre- 
sented by the series from Djiring. unquestionably referable to 
Robinson and Kloss’s moi^ of which the type, now B.M. 26.1 1 .17.7, 
from Lang-bian Peaks, 8. Annam, agi’ees closely with them. But 
they are again so like Bonhote's monticolus that I fail to find 
any character by which they can be readily distinguished. This 
is a more or less saturate form, while Robinson and Eloss^s 
laotum from the Mekong farther to the north is a siccate ” race, 
such as one would expect to find in an arid area. Though 
averaging paler it is indeed not unlike typical memipurensts^ 
from which again it is separated by the interruption of the lateral 
light lines and the suffusion with rufous of the darker dorsal stripes. 
The specimens from Xieng Khouang in the previous eoUection 



OF FRENCH INDO-CBINA — MAMMALS. 


149 


prove to be referable to this race, of which the type has also now 
been presented to the British Museum, B.M. No. 26.11.17.6. 

What the relation is to each other of the dull-coloured wwiri- 
timu8 and rnoi I cannot at present understand. All the S. Annam 
specimens are “ moi and all the Tonkin ones maritimva, but in 
China the two corresponding forms are found some in our locality 
and some in another, without any evident reason for their distri- 
bution. Bonhote thought it to be a question of altitude, but the 
material available is not at present sudicient either to establish 
or confute his views. 

52. Tamiops rodolpuei M.-Edw. 

Eight from Djiring, Tonkin, four from An-Binh, Cochin China. 

5M. Tamiops ixoonstans Thos. 

Three specimens from Ba-Bc, Tonkin. 

54. IlArrus euwardsi Thos. 

9 . 502. Bac-kan, Tonkin. 

55. IlArrus bowersi J. And. 

(S , 514. Bac-kan, Tonkin, 

56-58. Raitus spp. 

Fifteen specimens, apparently belonging to three species. 

59. Mus numus Hodgs. 

One specimen from Djiring and one from Ngan-son, Tonkin, 

60. Rbizomys senex, Thos. 

Ten specimens from Bac-kan, one from Langson, seven from 
Ngan-son, Tonkin. 

61. Aoanthion sp. 

J . 427. Bac-kan, Tonkin. 

cf. 554. Hue, Annam. 

62. Lepcs vabsali Thos. 

6 . 646. $ . 638. Djiring, S. Annam. 

$ . 709. An-Binh, Cochin China. 

63. Sus CRiSTATUS Wagn. 

i . 692. $ . 604. Djiring, S* Annam. 

64. Traoulus eancuxl pibrbbx Bonh. 

cf « 300. From Zoological Gardens, Saigon* 

$ . 586. Thua^-Dun, Annam. 
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65. Capbicornis sumatbensib Shaw. 

(J , 690. Yinh, Annam. 

$ . 575. Langson. 

66. Rusa sp. 

. 681 (young). $ . 684 (young). Djiring, S, Annam. 

67. Cervulus muntjac Zimm. 

c?. 473. 423,422,472. Bac-kan, Tonkin. 

$ . 605. Djiring, S. Annam. 

68. Phatages crassicaudata Geoff, 
d . 521. Bac-kan, Tonkin. 
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9, New Chrysomelid Beetles from India. With a Note 
on the Scales of Coleoptern. By S. Maulik, F.Z.S. 

[lieceived December 9, 1927 : Read February 21, 1928.] 

(Text-figures 1-5.) 
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The present paper is based on the material in the collection of 
the British Museum (Natural History). The microscopic slides 
prepared for the present study are in the same museum. 1 am 
indebted to Mr. A. J. E. Terzi for the drawings. 


Subfamily H i s r i N 
Squamispa, gen. n. 

Body very narrowly elongate ; elytra narrowed at the base and 
much more so towards the apex, so that tlie gi’eatest width is 
just behind the middle. The apex of the elytra is not produced 
to a sharp point. Prothorax much longer than broad, witli the 
sides mai'gined. Head with the upper side somewhat raised, 
with a channel along the middle, and not at all produced between 
the antennse. The latter are eleven-segmented. The whole 
body, including the head, antennae, thorax, elytra, underside, 
feiDora, tibiae, and tarsi is covered with whitish semi-erect scales. 
The distribution of the scales on the body varies in the present 
new genus. On the upper side the discal area of the elytra is 
sparsely covered ; on the sides, and especially on the apical 
area, they are more densely placed ; on the underside and the legs 
the distribution is uniform. On the five basal segments of the 
antennw the scales are distributed as on the head, but on the apical 
six segments they are scarce where tnore bristly hairs occur. 
Elytra regularly punctate-striate, without a scutellar row of 
punctures. Prostemal process narrow between the cox® and 
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widely expanded behind, almost into a circular shape. Legs 
short and stumpy ; tibiae very short, almost equal to the tarsi in 
length ; daws strongly developed, wide apart, pointing sideways. 
To this condition of the claws the term ^‘divaricate*' has 
sometimes been given in the group Longicornia, in which it is 
more common. 

Genotype, Squamispa fasciata Maulik, gen, n. et sp. n. 

Range* South India. 


Structure of Scales o/* Squamispa. (Text-fig. 1.) 

The scales are deeply rooted and are not easily removed from 
their position. Each scale arises from a pore, and stands separate 
from its neighbours, somewhat bent. When it rises from the 


Text-figure 1. 



A. Right antenna of Squamispa fa$ciata Maulik, ehowing distribution of scales. 

B. Seales on last dorsal abdonunal sclerite. 

€. Scales on last ventral abdominal sclerite. 


puncture of the elytra, its point of origin is not at the centre of 
the puncture. A scale is white, fairly long, narrow at its base, 
gradually broadening and somewhat narrowing towards the apex. 
Its surface is studd^ with extremely minute spinules ; this can 
be seen when a scale in the preparation is in a bent position so 
that its surface appears convex. When a scale is laid flat, its 
surface seems to be longitudinally ridged, presumably, according 
as these minute spinules are arranged. Boiling in caustic potash 
has apparently very little action on the scales. They stain 
satisfactorily when kept in ZiebTs Oarbolio Fuehsin for about 
twelve hours. 
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General ConBideratiom on Coleopterous Scales, 

Through the courtesy of Dr. (i. A. K. Marshall, F.R.S., 

I have been able to examine two species of the family Curcu- 
lionides which are pre-eminently scaly Coleoptera. These are 
Rhigvs Bchuppeli Germ, and Germariella pvdens Boh. From a 
study of the scales of these two species and that of Squamispa 
Maulik the following general ideas can be formulated : — 

(1) The scales are modified hairs. The latter term is used 
in the sense in which it is generally applied to the clothing of 
insects. 

(2) Between the two extreme forms, namely the elongate 
hair and the more or less rounded flattened scale, there are many 
varieties of transitional forms. Although owing to their parti- 
cular arrangement and order these forms may have received 
various names for classificatory purposes, morphologically they 
are homologous. 

(3) The upper surface of a scale has always a structure which 
varies consi<lerably, the underside being generally plane. 

(4) Scales of diflerent forms may occur either together on the 
same part or separately on <lifl[erent parts of one and the same 
insect. 

(5) A scale is attached to the surface at a little pore. 

(6) 'J4ie streugtli of attachment varies; the more elongate 
forms me strongly attached and are not removed easily from 
their point of attachment, while the scales of the more rounded 
and flat forms are not deeply rooted and can be more easily 
removed. 

(7) The various colours of the scales are due partly to the 
surface structure and partly to pigment, and often due to both 
ffictors. 

(8) Probably the modification of the hair into a true scale is 
accompanied by a corresponding chemical change. 

In a paper by George Dimmock, entitled “The Scales of 
Coleoptera,” published in * Psyche,* 1883, pp. 3-11, 23-27,43- 
47, 63-71, there are many references to previous papers relating 
to this subject. Although much attention has been paid to the 
scales of the Lepidoptera. those of the Coleoptera have not been 
thoroughly studied. More research, particularly from the 
chemical standpoint, will reveal many new facts. 

Affinity of the Genus Bquamispa. 

The present new genus Squamispa is related to Eurispa Baly 
by the form of the b^y, but differs from it in that in Squamispa 
the apices of the elytra are not produced into sharp spines as in 
SurisiM, In his description of the genus, Baly does not say 
anything about the occurrence of scales on the head and pro- 
thorax of Eurispa viitata^ the genotype, which 1 have examined 
in the collection of the British Museum. In view of the fact 
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that Squamispa is completely covered with similar scales, their 
presence at least on certain parts of the body in Eurispa affords 
another point of affinity between the two genera. Eurispa 
spreads from Tasmania, South and North Austmlia to New 
Guinea, while Sqttamispa has so far only been found in South 
India. It is quite possible that such scaly members of the 
Hispince would occur in the Indo- Malayan regions. 


Text-figure 2. 



BqmmUpafatciata Maulik. (X 18.) 


Squamispa fasciata, sp. n. (Text-fig, 2.) 

Colour of head, eyes, prothorax, first segment of antennie and 
underside black ; the ground-colour of elytra and the remaining 
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ten segments of antennae pitch-brown ; along the suture and on 
each side covering an area to the fourth interstice, counting from 
the suture, there is a darker stripe, and an ill-defined area on 
each side, and especially towards the apex, is similarly darker- 
coloured. Scutelium black. 

, Head as in the genus ; antennae with the first segment thick, 
cylindrical, second and third about equal, fourth, fifth, and 
sixth equal to each other, from the seventh to the eleventh the 
segments are larger and together form a sort of elongate club. 
Prothorax much longer than broad, sides parallel, front margin 
gently arched. The upper surface is generally shagreened, and, 
in addition, there are some large deeply impressed punctures 
which are not placed very close together, though comparatively 
more so on the discal and lateral than on the anterior or pos- 
terior areas. ScideUum very small, triangular. Elytra as broad 
at the base as the prothorax. On each elytron there are eight 
longitudinal series of deeply impressed fairly large punctures ; 
a shorter ninth series commencing from the middle is visible 
when seen from the ventral aspect, because the interstice between 
the eighth and ninth rows is strongly costate. All the rows 
converge on the apical area. The interstices between the 
rows are fairly broad, raised, and with their surface rough. 
Along the fourth and fifth interstices, and particularly wliere 
they terminate, the elyti’al surface is depressed. Underside 
roughly punctate ; the abdomen is deeply sunk in the cavity of the 
elytra., and the divisional lines between the last three abdominal 
segments are deeply impressed. On each side at the base of the 
abdomen is a depression probably for the reception of the hind 
leg, which in repose is held tightly pressed against the body. 
The front tibiaa are lather shorter than the front tarsi and have 
on the underside of the af>ex a bunch of stiff’ brownish bristles. 
The first segment of tlie front tarsi is larger than the corre- 
sponding segments of the other tarsi. The underside is more 
densely covered with scales than the upper side. Other struc- 
tures as in the genus. 

mra. 

Length from the aj^x of head to apex of elytra ... 6 


Greatest width 1| 

Length of antenna 

Length of pronotum 


South Ikdu: Mysore, Ohikkaballapura {T. V. Campbell). 
Ex. coll. £. A. Butler. 

Type in the British Museum. 

Dt^cribed from one example. 

Squaxispa ballapurana, sp. n. (Text-fig. 3.) 

Colour of elytra pitch-brown, with the lateral margins much 
lighter, almost yellowish ; pronotum, head, and antennm reddish 
tmwn ; the anterior and posterior inargina of pronotum and two 
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ill-defined areas, one on each side of the middle line, black ; eyes 
black; five apical segments of antennae somewhat darker than 
the six basal segments ; scutellum black ; underside lighter 
than the upper side, with the lateral margins of the abdominal 
sternites blackish ; some portion of the posterior femora and 


Text-figure 3. 



Squamitpa hallapuramn Moalik. (X 16.) 


points of articulation of all joints pitch-brown. The whole body 
is subnitid, although the elytra appear at certain angles t© be 
somewhat more shining* 

Hmd characters as stated in the generic description. Antennss 
with the first segment cylindrical and large; the second is thicker 
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than third, which in some aspects appears to be slightly longer 
than second ; fourth, fifth, and sixth about equal to each other, 
each being slightly shorter than each of the preceding segments ; 
from the seventh to eleventh the segments are thicker and 
somewhat longer, forming a sort of elongate club. Prothorax 
much longer than broad, cylindrical with the sides margined ; 
front margin very gently arched, hind margin almost straight ; 
upper surface covered with a mixture of comparatively finer 
and coarser punctures. Sciitellum minute, triangular. Elytra 
as broad at base as the prothorax. On each elytron there are 
eight longitudinal series of deeply impressed and fairly large 
punctures ; commencing from the middle along the extreme 
margin there is an additional shorter series. On the extreme 
apical area the series of punctures converge. The intervals 
between the rows appear to be more or less flattened and some- 
wluit raised, tlie alternate ones much more so. Underside : from 
the mesothorax to the apex of the abdomen the body is 
deeply imbedded in the cavity of the elytra. The divisional 
lines between the last three visible segments are deeply 
impressed. Tibiai shorter than tarsi in all the legs. In the 
front tarsi the first segment is much broader than the corre- 
sponding segment of the other tarsi ; this is probably a secondary 
sexual character of the male, according to analogy of other 
genera in the Ilispimo. The hilobed segment of all the tarsi 
is deeply divided, the claw segment fitting suitably in the clef t. 
Claws as stated under the genus. 

mm. 

Length from the apex of the head to the end of 

the elytra 5| 

Greatest width just behind the middle of the 

elytra 1 4 

Length of pronotnm 1 ] 

Length of an ten use about 2 

Soufii India: Mysore, Chikkaballapura {T, V, Campbell), 
Ex. coll. E. A. Hutler, 

Type in the British Museum. 

Described from one example. 

Agonia chlorina, sp. ii. (Text-fig. 4.) 

Body very narrow, elongate, parallel -sided, with the apex 
rounded. Upper side and legs yellow, with the suture blackish ; 
head, sciitellum, and underside deep black ; antennas brownish, 
with four or five basal segments darker brown; some of the 
punctures have black centres ; in one example an ill-defined short 
longitudinal stripe along the middle of the pronotum black. 

Head finely shagreened, and with a few scattered punctures 
on the interocniar area. AntennsD hardly reaching the base of 
the pronotum ; the two basal segments oylindrioal, thicker than 
the third, and almost equal to each other in length ; third and 
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fourth similar in thickness, but the third is slightly longer than 
fourth ; from the fifth the segments begin to become thicker, so 
that the seven apical segments form an elongate club ; ’ fifth 
smaller than sixth ; the remaining segments about equal except 
the last, which is somewhat longer and pointed ; the last six 


Text-figure 4. 



segments are hairy. Prothorax subnitid, cylindrical, much longer 
than broad, parallel-sided, posterior lateral angles each with a 
pore bearing a seta, the front and hind margins almost straight; 
upper side somewhat convex in the middle and sloping at the 
sides, closely covered with deep punctures, a transverse row along 
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the front margin ; the punctures on the central area with their 
oentrea black. Scuiellum rectangular, smooth, shining, and 
impunctate. Elytra subnitid, slightly broader at the base than 
the prothorax ; punctate-striate, each elytron having four pairs 
of longitudinal series of deep punctures and three costse; a 
scutellar row absent. The punctures on the discal area generally 
have black centres. Underside not hairy, shining, seen under a 
high power shagreened ; nietathorax sparsely covered in the middle 
with small punctures and the sides with coarser punctures ; on 
each abdominal sternite is a transverse row of fine punctures 
across the middle, and on the sides there are some coarser 
punctures ; on the last but one visible sternite the punctures 
are confusedly distributed on the surface. The middle tibiae are 
shorter than others, somewhat curved, and with a spine at the 
apex. 

Length 4 mm. ; breadth H mm. 

Length of second specimen 3 mm. and breadth 1 mm. 

South India: Nilgiri Hills F. Campbell), Ex coll. E. A. 
Butler. 

Type in the British Museum. 

De8cril>ed from two examples. 

Wallaceana, nom. n. 

In the year 1858 Baly published in the ‘ Catalogue of 
Hispidie/ (Briti.sh Museum publication) the name Wallacea for 
a genus of Coleoptera, In the same year Doleschall used the 
same name for a genus of Diptera which was published in 
the Batavian journal, Natuurkundig Tijdschrift v. Ned. -Indie, 
(4) xvii. p. 82. Although I have tried to ascertain definitely 
the e^cact dates of publication in both cases from all possible 
sources, I have not succeeded. But it seems that DoleschaU’s 
paper may have appeared a few months earlier than Balyas book. 
I therefore change the name of the Coleopterous genus into 
Wallaceana, The species that have liitherto been included in 
Wallacea should now fall under the genus Wallaceaiia, the geno- 
type being Wallacea boivringi Baly (Java), winch is in the 
British Museum. 

Note on Monochirus capenais Maulik and Phidodonta 
chirmda Maulik. 

Monochirus capenais Maulik and Phidodonta chirinda Maulik 
{Ann. & Mag. Nat. Hist. 1919, p. 407) are identical wdth 
Monochirus capenais Maulik and Phidodonta chirinda Maulik 
{Ann. & Mag. Nat. Hist. 1922, p. 569). 

Subfamily Halticin.®. 

Thboscorybsa, gen. n« 

Body ovate, convex. Head with the vertex not strongly 
convex, theinterocular space with two deeply impressed channels, 
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each obliquely directed from the apex of the eye towards the 
centre; frontal tubercles absent^ although the interantennal 
space is not quite flat. Antennco extending to a little distance 
beyond the humerus, six apical segments thickened. Elytra 
very I'egularly punctate-striate with a long scutellar row. Wings 
present. Anterior coxal cavities closed behind. Intercoxal 
process of the prosternum punctate. Each front tibia with one 
spine at the apex ; middle and hind tibise each with two spines 
at the apex, one of which is larger than the other. Posterior 
tibi» not channelled on the upper surface. First segment of the 
posterior tarsi not very long. Claws simple. 

Genotype, Throacorysaa citri Maulik, gen. n. et sp. n. 

Itange, India. 

According to the arrangement proposed in my book on 
Halticiniein the * Fauna of British India ’ series (Taylor & Francis, 
London, 1 926), tin's new genus should fall under Section III , 
Subsection 111. (see p. 174), which is chai'acterised as follows: 
“ Pronotuin and elytra not pubescent (except in Ophrida hirauta ) ; 
claw-segment of hind tarsi not grejitly dilated ; front coxal 
cavities closed or almost closed behind,’* In working with the 
table given on p. 174 the present new genus would come near 
Kamala Maulik. Although it bears a superfloial resemblance, 
it IS not really relate<l to it because Emnala Maulik is apterous, 
wdiereas the present new genus has the genotype with fully 
developed wings. 

Throscoryssa citri, sp. n. (Text-fig. 5.) 

Body ovate. Colour shining brown with head and prothorax 
shining black; the basal segments of autennuo brownish, fourth 
segment partly brownish and partly piceous, I’emaining six 
segments piceous. Scutellum partly brown and blackish. * 

Head with the vertex smooth, finely and sparsely punctate ; 
other characters as in the generic descj'iption. Length of 
antennae ns stated in the generic diagnosis; first segment 
large, club-shaped; second thicker but shorter than third, the 
latter slightly longer than fourth ; from the fifth the segments 
have become larger, thicker, and more hairy ; the last slightly 
longer an<i bluntly pointed. Prothorax much broader than 
long, slightly narrowed anteriorly, posterior margin somewhat 
produced into a broad lobe in the middle ; sides gently rounded, 
margins slightly reflexed and with a row of punctures along 
each margin ; each of the anterior lateral angles with a pore 
bearing a fine seta; upper sui-face convex, sloping down at 
each side, fairly closely and finely punctate, although the punc- 
tures are coarser than those on the vertex of the hea.d ; the 
punctures on the pronotura are not uniformly distributed, 
there being impunctate areas. Scutdlum sharply triangular, 
smooth, and impunctate. Elytra almost as broad at base as 
the prothorax, then slightly widened behind and gently nar- 
rowing again towards the apex. Begolnidy ponotate-atmte^ 
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each elytron liaving eleven longitudinal rows of punctures, 
including a long scutellar and an extreme marginal one; the 
rows converge on the apical area. Seen under a high power, 
the intervals between the rows do not appear to be quite flat, 
and they bear very minute scattered pufmtures ; the intervals are 


Text-figure o. 



Throscorjfssa citri MauHlc. (X 21.) 


of equal width except the last along the margin, which is wider. 
Utuierside smooth, .shining, not hairy, very finely spai^sely 
punctate. Other character.s as under the genus. 

Length 3 mm. ; breadth 2 mm. 

Assam: Shillong, 20 iii, 1926 ((7. I\ Clamon), On orange* 
trees. Larvie, leaf- miners. 

Type in the Britisli Museum. 

Described from twenty-one examples. 
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1. Introduction. 

It is particularly difficult for a worker in England to study 
the fauna now under notice, since, almost incredible as it may 
appear, there has been only one short paper written on the 
subject in the English language, and authentic examples of 
the large luiinher of species which have been described from 
Abyssinia are ahnoit non-existent on this side of the English 
Ohannel. 

True, the Continental authors who have dealt with them have, 
as a ride, taken infinite pains to make their descriptions as lucid 
as po.ssihle ; but it is never satisfactory to attempt to identify a 
shell from literature alone, and many supposed new species have 
been based on short series in had condition, to examine which 
would necessitate a journey over nearly half Europe. 

Tlie present collection, which was made by Dr, Hugh Scott 
and Mr. J. Omer-Cooper in 1926, covers roughly a district of 
about 120 .square miles, situate between 7® and 9“ N. Lat. and 
38^ and 39° E. Long., and the Ragazzi Collection, elaborately 
treated by Pollonem:^^ was partly made in the same area, so that 
it has been a simple matter to apply many of his names to the 
species hereafter mentioned ; but I do not ventui'e into the ques- 
tions of synonymy, which will inevitably arise if anything 
like a representative collection from Abyssinia can be 
assembled. 

As many of the localities to be recorded are found on few, if 
any, maps, 1 give their exact position, as far as possible, but it 
must only be accepted as narrowly approximate. The whole 
collection has bean kindly presented to the British Museum. 
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2. Systematic, including descriptions of six new species. 

GASTROPODA. 

Family S T R E p T A X i D 
Subfamily PrrcfiOTitEMA r/y. /;. 

Genus Ptycuotrema Morch, 1852. 

PTYCllOrilEMA DENTICULATUM (Morel.). 

1872. Ennea deniiculata Morel., Ann, Mas. Genova, iii. p. 202, 
|)1. ix. fig. 10. 

Hah. Zukwala, 9000 ft., 8=* 45' N. Lat. and 38^ 80’ E. Long. ; 
Jem Jem Forest, 8000 ft., 0® N. Lat. and 38® E. Long. {Omer- 
Cooper). 

Two examples from Zukwala are 6*9 and 6*0 mm. in length, 
while the Jem Jem shells measure 5*0 and 4*5 respectively. 

Var. ex forma nana nov. 

Hab. Jem Jem Forest {Omer-Cooper). 

An almost exact miniature of the foregoing, but measuring 
only 3'1 X 1*2 mm. in length and breadth; the tubercle on the 
outer lip is comparatively stronger, and it is possible that further* 
material may prove this to be a distinct species. 

Genus Gulella Pfr., 1856. 

Gulella simplicima (Prest.). 

Hab. Zukwala; Jem Jem Yovest {Omer-Cooper). 

Described from Mt. Kenya, it is rather surprising to find this 
species so far afield, but the Kenyan and Aby.ssinian examples 
are quite inseparable. The protoconch (two whorls) shows well- 
marked, continuous, micro.scopic spiral engraving, while the 
second whorl is also sculjitured with close, fine, transverse striaj. 

Family Z o N i t i d JE. 

Subfamily ViTRiNiN^r,. 

Genus Vitrina Drap., 1801. 

Yitrina biancuii Pollon. 

1888. Vitrina hiamhii Pollon., Boll. Mus. Torino, iii. no. 37, 
p. 1 ; id,. Bull. Soc. Mai. Ital. xiii. p. 57, pi. ii, figs. 1-3, 17. 

Hah. Zukwala (Scott <ih Omer-Cooper). 

Both shell aud animal agree with Pollouera’s figures. 

Yitrina modesta Pollon. 

1898. Vitrina modesta Pollon., Boll. Mus. Torino, xiii. no 313,^ 
p. 3, pi. i. figs. 10-12. 

Hah. Jem Jem Forest (Oiner*Cooper). 
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The protoconch in the present series is very faintly, somewhat 
irregularly, Rj)irally micro-punctate, and lias close regular lines 
of short transverse scratches, the remaining whorls being micro- 
scopically malleate ; it is imperforate at all stages of growth, 
thereby differing from V. helicoidea Jick., which appears to be a 
higher, more globose form. Pollonera makes no mention of 
microscopic apical sculpture in his description of modesta, but in 
other respects the Jem Jem shells seem to agree with his species, 
which was described from the Plain of Ohereth. 

VlTRlNA GRObSEPUNCTATA, sp. U. (PI. I. fig. 1.) 

Shell of fair size, depressed globose, imperforate, thiii^ smooth, 
glossy, transparent, corneous, pale yellow-olivaceous. Spire 
depressed, apex prominently mammillate. Whorls 3^, convex, 
very rapidly increasing; protoconch ( 1 1 w'horl) much exserted, 
closely stunded which coarse micro-})uiictate dots, which are so 
tliick together that they hardly form any radial or spiral pattern, 
and which continue more liuely in an irregular legion, gradually 
becoming weaker and fainter, until on the beginning of the last 
"whorl they are scarcely visible, and soon practically disappear ; 
the whole of the liase is faintly micro- punctate in close, wavy, 
dotted spiral lines, the dots being so close together as almost to 
appear to form continuous lines; suture simple, shallow. Aper- 
ture subovate ; peristonu* simple, acute, outer lip curved upward 
and forvvai'd, tlien <lcscenditig and receditJg to tlie base ; columella 
w’eak, slightly adnaiely thickened. 

Diam. maj. ll’l, min. 8*2; alt. 5*0; apert, alt. 4*5, lat. 
7*3 mm. 

/fab, Jem Joui Forest (type); Ad<lis Aheba, 8100 ft. (Omer- 
Cooper). 

From its prominent a]a‘X, 1 wnmld have expected this to be 
mainillata Mts., but Dr. Thiele kindly informs me that in that 
sjiecies the protoconch (H whorl) is ivgularly s}>irally micro- 
punctate, while there is no apparent punctation on the succeeding 
wdiorls and the a[>ex is not particularly prominent, so there can 
be little connection between tbe two, and 1 (•an find no mention 
of this prominent apex and coarse apical micro-punctation in the 
diagnoses of any otlier species described from Abyssinia or 
adjacent districts. The animal is a Vitrirui^ and it is hoped that 
its anatomy will be published in due course. 

Yitrina sp. (?). 

Hah, Summit of Mt. Chillalo, 12,000-13,000 ft. (iSVoW)* 

A single, very small shell, damaged and ^ssibly immature, 
but in all probability undescribed. Its lengtli is 4*2 mm., and the 
broken protonoch show’s, in a fainter degree, the same micro- 
punctation as the pi’eceding species, but the remainder of the 
shell is smooth and glossy, pale corneous-yellow. 
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The animal, however, is in perfect condition and, according to 
H. Watson, nearly mature ; its length, extended in alcohol, is 
about 6*2 mm. from head to tail ; the mantle and whole of the 
exposed portion of the body is bluish-black, except for a narrow 
buft* stripe along the centre of the sole ; the jmrts of the body 
contained within the earlier whorls are also buff, becoming 
darker brown on the last half whorl before the mantle ; under a 
strong hand-lens there is no trace of macnlation. 

Subfamily Hkucahtoxtn.^. 

Genus Granularton Gern)., 1912. 

Granularion hiaxs “ Rupp.” (Pfr.). 

1848. Vitrina Mans Rupp., Pfr., P. Z. S. p. 107. 

1854. Vitrina liiam Rupp., Pfr., Conch. Cab. p. 13, pi. i. figs* 
45-47. 

Hah, Lake Haramaiya {Scott'), 

Hiam is the prior name for this common species, which has 
been awarded other titles, but more material is required before 
its full synonymy can be established. 

Subfamily Sitauxji:, 

Genus Kaliella Blanf., 1863. 

Kaliella barrakporensis (Pfr.). 

1852. Helix barrakporensis Pfr., P. Z. S. p. 156. 

Hab, Jem Jem Forest {Omer-Oooper), 

Immature examples, referable to this Indian species, which is 
so widely distributed over the African continent. 

Family IIelicida;:. 

Genus Fruticicola Held, 1837. 

Fruiicicola strigelloides Pollon. 

1887. Fruticicola strigelloides Pollon., Boll. Mus. Torino, ii. 
no. 34, p. 2. 

1888. Fruticicola strigelloides Pollon., Bull. Soc. Mai. Ital. 
xiii. p. 77, pi. ii. figs. 25-27. 

Hah, Zukwala {Scott), 

The largest of the series is immature, but seems to agree with 
Pollonera’s species. 

Fruticicola scioana Pollon. 

1887. Fruticicola scioana Pollon., Boll. Mus. Torino, ii. no. 34, 

p. 2. 

1888. Fruticicola scioana Pollon,, Bull. Soc. Mai. Ital. xiii. 
p. 76, pi. ii. filgs. 28-30, pi. iii. figs. 23-24. 
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Hah, Zukwala (^S^coif) ; Jem Jern Forest (Omer-(7oop«r). 

The fulvous band mentioned in Pollonera's diagnosis is very 
faint in the shells under notice, but they agree in other respects 
with his description and figures. 

Family E n i> o d o n t i d ^e. 

Genus Punctum Morse, 1864. 

PUNCTUM CRYOPlIILLUM(MtS.). 

1865. llelLr {Patida) cryopkilla Mts., Mai. Bliitt. xii. p. 182. 

1874. Helix {Pnnctum) cryophilla Mts., Jick., Nov. Act. k. 
L.-C. Ak. Nat. xxxvii. p. 54, pi. i. fig. 4, pi. iv. fig. 17. 

Hah, Herpent Lake, Wouramboulchi, 9000 ft., 9'’ N. Lat. and 
37*^ 58' E. Long. {Omer-(*ooper), 

Family P A c n n o D i D vF.. 

Genus Cerastus Albers, 1860. 

Gbkastus HoocARDi (Pollon.). 

1898. Hidiminus (Petrcpns) hoccardi Pollon., Boll. Mus. Torino, 
xiii, no. 313, p. 7, pi, i. fig. 16. 

Hah, Zukwala (Scott tj* Onier-Cooper), 

Taking into consideration the great variation in size to which 
some species of Cerastus^ notably retirngis Mts. and abyssinicus 
Pfr. are liable, there is little doubt that the present series is 
correctly identified ; they are smaller than the type, which was 
<lescribe<i from Adi-Caie and measures 28x14, while they are 
only about 21 x 11*3 imn. in altitude and diameter, but appear 
similar to it in all other respects. The convex spire distinguishes 
them from most of Kobelt’s species, though they are very near 
his Cerastm jualleatns from the Hakem IMountiins, which, how- 
ever, judging from the figure, may be a synonym of hoccardi^ the 
elder name. 

Cerastus sacconii (Pollon.). 

1888. Bidimmns sacoonii Pollon., Boll. Mus. Torino, iii. no, 37, 
p. 3; id., Bull. Soc. Mai. Jtal. xiii. p. 66, pi. iii. fig. 8. 

Hcd), Zukwala (Scott). 

Cerastus vigonii (Pollon.). 

1888. Bulimmiis vigonii Pollon., Boll. Mus. Torino, iii. no. 37, 
p. 3 ; id., Bull. Soc, Mai. Ital. xiii. p. 65, pi. iii. fig. 7. 

Hah, Zukwala (*%()<< ). 

Cerastus chbfkbuxi “ Sol.” (Bgt.). 

1874, Bidiminua ahyssinicua Rupp., Jick., Nov. Act. k. L.*C. 
Ak. Nat, xxxvii. pi. v. tig. 2 d. 
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1885. Bulimm chefmujd Sol., Bgt., Moll. Ohoa, p. 12. 

Hah, Lake Har amaiya {*ScoW). 

Family P u p i l L i D 
Genus Lauria Giay, 1840. 

Lauria wouramboulchiensis, sp. n. (PI. I. fig. 6.) 

Shell very small, ovate, rimate, rather solid and opaque, which 
may be due to weatliering, glossy, pale brown, with darker 
oblique stripes on the stria?. Spire moderately produced, sides 
somewhat convex, apex obtusely rounded. Whorls 5, convex, 
regularly increasing, first smooth, next very closely, micro- 
scopically, transversely, and slightly obliquely striate in the lines 
of growth, last 2 sculptured with regular, fiattish, somewhat 
distant, slightly oblique stria?, darker than the intervals between 
them, there being about 12 and 13 visible on the 4th and 
5tli whorls respectively ; suture simple, well defined. Aperture 
quadrate, roundotl at base, peristome glossy-white, expanded and 
reliexed, outer lip receding only very slightly in profile, columella 
erect, margin bioadly triangularly reflexed, callus thin, but well 
marked and continuous ; the only dental proce.ss is an inrunning 
parietal plait, inclined downwards to the right, three-quarters of 
the distance from the columella to the outer lip, but there is a 
slight inflation of the inner margin one-third way down the 
outer lip and another, inset and hardly noticeable, half-way up 
the columella. 

Long. 3*3, lat. 2*1 ; apert. alt. 1 3, lat, 0*8 ; last whorl 2*0 mm. 

JIah, Serpent Lake, Wouramboulchi {Orner^ Cooper). 

The shell is smoother and squatter than L, Irruguierei and 
comparatively wider, while the dark transverse stripes impart to 
it a very distinctive appearance, I find nothing resembling it 
closely in the fauna of continental Africa, but from the respective 
figures it must be closely allied to X. hourhonicensis Pilsb. 
(Manual, xxvii. p. 62, pi. viii. fig. 19). The peristome, liowever. 
in the Abyssinian race is w*hite and somewhat broadly* reflexed, 
instead of brown and very nairowly so, as emphasised in the case 
of bourbon icensis, which, too, should have stronger sculpture. It 
has not been prove<l hitherto that any of the South or Centi*al 
African Pupillida? are actually couspecific with those of adjacent 
lands, and even if woiirmihwdchiensis eventually proves to he 
merely a variety, it v\ill be entitled to full varietal rank on 
account of its remarkable stripe<l coloration. 

I have not been able to examine the young stage, but it appears 
hardly likely to belong to a genus other than Lauria, 

Lauria bruguierei (Jick.). 

1874. Pupa bruguierei Jick.^ Nov. Act* k. L.-O* Ak* Nat, 
xxxvii. p, 112, pi. V. tigs. 5-6. 

Hah, Jem Jem Forest {Omer- Cooper), 
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Family (J l A u s i l 1 1 d 
Genus Clausilia Drap., 1805. 

(Jlausilia jemjemensis, sp. n. (PI. 1. fig. 5; text-fig. 1.) 

Shell rather small, siiiistral, fusiform, rimate, fairly solid, 
glossy with a silken sheen, corneous, the first "3.^ whorls yellow- 
brown, remainder chocolate, mottled with many small, irregular 
white patches, duo to the presence of short white lines on a few 
adjacent striae. Spire produced, sides slightly convex, apex 
rounded. Whorls 7, giadually increasing, the first 4 convex, 
remainder ml her fiat, the fir.st 2 showing faint, irregular, micro- 
scopic, transvei.se wrinkles and pucher.«, remainder covered with 
close, regular, nearly straight and vertical costnhe, which are 
continuous on the 3rd and 4th, hut become wrinkled .and 
divided by a few spiral furrows on the last three whorls ; suture 
deep, sul>creimlate. Aperture oblhpiely acuminate ovate, peri- 
stome white, glossy, continuous and reilexed. dentition consisting 
of a strong inrunning parietiil lamella and tv\o col umellar lamella*, 
of which the lower is hardly visible from the front, and a very 
weak plait, slanting inwards and upwards, far witliin the outer 
lip on a level witii the top of the aperture. 

Long. 7*8, lat. 2*J ; apert. alt. 2*1, lat. 1*3 ; last whorl 3*5 mm. 

Ilah, Jem Jern Forest {Oiner^i^oojyer), 

Text-figure 1. 

\o S t 


Clansilia JfwJemensis, part of radula. (ApjMOV. X 400.) 


Colonel IVile has kindly furnished a drawing of the ladula, of 
winch the formula is 4.7. 1.7.4, but the specimen is not perfect, 
some lines of marginals being probably mi.ssing. 

It should he noted that, although they are both pronounced 
Jum 3 urn, the Jem Jem of the present expedition is not the Jam 
Jam of Erlanger, which is situate a considerable distance to the 
south-east. 

In dentition this species belongs to the Abyssinian group 
which includes eenncutriensis Pfr., dystheraia Jick., and roth- 
schildi N. & A., while in sculpture and piebald colour-pattern it 
resembles degemris Preston and Balea africana M. <k P. It is 
<]|iiit6 distinct from sennaariensia, a more slender species with 
almost straight, not wrinkled, strisa and no spiral sculpture, 
while it cannot be assimilatetl to the description of rothsMldi, 
apparently a larger species. Its dimensions are lather near to 
those of the smaller form of dyatheraUt Jick., which measures 
7*0 X 1*76 mm., with from 74 to 8| whorls, but Jicke.li, a careful 
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author, makes no mention of the spiral fun* 0 W 8 or patchy colora- 
tion in his species, and particularly emphneises t))e fact that its 
aperture slopes backwards in profile, whereas \n jevijeiiiensis it is 
vertical, details which appear to provide ample ground for 
separation. 

Of the remaining African Clausiliidae, girmidi Bgt. is a large 
species with 12 whorls and a length of over 18 mm., while 
africana M. <fe P. is completely edontulate and degmmns Prest., 
which is smallei* than jemjemmeis^ possesses at most but one 
columellar lamella. 


Family S r K n o G Y tt 1 1 > A 2 . 

Genus Homorus Albers, 1850. 

Homorus ragazzii Pol Ion. 

1887. Honiomia ragazzii Pollon., Boll. Mns. Torino, ii. no. 34, 

p. 1. 

1888. t Hom(yiruB ragazzii Pollon., Bull. Sue. Mai. Ital. xiii. p. 74, 
pi. iii. figs. 10, 16. 

Hah. Zukwala {Scott ). 

Described from Entoto, Choa. 

Homorus variabilis (Jirk.), var. jickelii Bgt. 

1874. Sahulina variabilis Jick., form C, Nov. Act. k. L.-(^ Ak. 
Nat. xxxvii pi. v. fig, 2 d, 

187,9. S'ohulina jickelii Bgt., Descr, Div. Moll. p. 10. 

1905. Homorus variabilis Jick., var. jickelii Bgt., Pilsb., 
Manual, xvii. p. 135, pi. l\iii, fig. 48. 

Hah, A<ldis Abeba {Omei'- Cooper), 

l^he shells agree well with Jickelis figure, and the eggs are 
oblong, so the genus must be Homorus ratbet- than Suhidina, 

Homorus omeri, sp. n. (PI. 1. fig. 2.) 

Shell rather large, subulate, imperforate, extremely thin and 
glos.sy, transparent, corneous yellow-brown. Spire prodiice<l, 
sides regular, apex bluntly rounded. Whorls 8^, rather flat, 
regularly increasing, practically smooth, with only the faintest 
vestiges of weak transverse wrinkles and close incised spiral 
sculpture under 50-fold magnification in the freshest specimens ; 
suture simple, shallow, rather oblique. Aperture acutely elon- 
gate-ovate, peristome simple, acute, outer lip slightly out/Curved 
and receding to the base, columella very weak, concave, nariowly 
obliquely truncate near the base. 

Long. 30*0, lat. 9*1; apert. alt. 11 ’2, lat. 5*8; last whorl 
17*7 mm* 

Hab* Addis Abeba {Omer^Cooper), 

An extremely fragile, glossy shell, which appears distinct from 
any described species ; most of the Abyssinian Uomori belong to 
the typical thick-shelled group of cyanoatoma ** Rupp.,” Pfr. 
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Its nearest relation is animorii Morel., which appears to be 
conspecific with vernicosa Jick., but in omeri the whorls increase 
more rapidly, the last whorl measining 17*7 niiii., whereas in the 
type of antinorii^ of almost the same length, it is only 15 rnm. 

I liave great pleasiue in naming this fine species in honour 
of Mr. Omer-Cooper, who has discovered no fewei* than six 
apparently new species iti tin's very interesting district. 

Genus Subulixa Heck, 1837. 

SoiniLiNA riJiAiUNiT Pollon. 

1887. Siihuliva chiarhni Pollon., Boll. Mus. Torino, ii. no. 34, 

P- 2. 

1888, Stilndina chiarinii Pollon., Bull. 8oc. Mai. Ital. xiii. 
p. 74, pi. ii. fig. 31. 

Hah. Addis Abeba {Omer-('ooper), 

Originally collected by llagazzi at Let-Marefin and Ferere 
Ghembre. 

SunrUNA MUNZINGKIII (Jick.)^ 

1873. Stenoijjfra munzimjeri Jick., Mai. Bliitt. p. 103. 

1874. Acicula Jick., Nov. Act. k. L.-C. Ak. Nat. 

xxxvii. p. 133, pi. V. fig. 21. 

1908. Salndiaa {Acu'ida) mnazingeri flick., Neuv.cfc Ant., Ann. 
Sci. Nat. Zool. viii. pp. 304, 305, fig. 18. 

Ilah. Adda, shore of Horn llai>adi, 8° 52' N. Lat. and 38® 55' 
E. Long. {Omer-dooper). 

Two bleache<l examples from the above locality agree with 
Neuville and Anthony’s figures of specimens from Dire-Daoua, 
west of Hamr, but in all of these the suture is far less oblique than 
in Jickeli’s 6gure, which appeal’s to represent a more slender 
form, so it is open to question whether they are correctly 
identified. The largest shell before me measures: Long. 11 *5, 
lat. 8*0 ; apert. alt. 2*5 nnn., and the whorls are almost flat. 

Genus NEOOLBSsrLA Pilsbry, 1909. 

Nkoolessula(?) curta, sp. n. (PI. I. fig. 3; text-fig. 2.) 

Shell small, acuminate-ovate, imperforate, thin, smooth, glossy, 
transparent, corneus, pale yellowish-olivaceous. Spire produced, 
sides very slightly convex, apex bluntly rounded. Whorls 7, 
flattish, regularly increasing, the first 3 practically smooth, 
remainder showing very weak, somewhat irregular growth 
wrinkles, which are closer and slightljr recurved just below the 
suture on the last whorl; suture simple, shallow. Aperture 
acuminate-piriform, peristome simple, acute, outer lip nearly 
straight and vertical in pmfile, columella short, concave, strongly 
truncate at right angles to its base. 
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Long. 12'0, lilt. 5‘2; apevt. alt. 4’7, lat. 2’7 ; last whorl 
8*0 mm. 

Hah, Jem. Jem Forest {Omer-Cooper^, 

Until its anatomy lias been investigated, it is impossible to 
assign to this species its exact generic position, though it can 
safely be assumed that Achatma ariel Preston and possibly 
A. montana Mts. belong to the same group. Neitlier curia nor 
ariel shows microscopic spiral sculpture on the apex, but in other 
respects the shell of curia resembles closely that of the West 
Coast Imvigata Pfr., as do also the radula and external appearance 
of the animal. 

in 1909 Pilsbry * proposed Neoglesstila as a section of Glessula 
foi- certain elongate West African forms possessing a spirally 
engraved aj^ex and strong transverse striation on the later whorls, 
at the same time leaving Imi'igata in Glessula s. s. having a 
smooth apex. It is true that Imvigata iliffers considerably in form 
and sculpture from ^)rtr/7amGld. and other members of Pilsbry’s 


Text-figure 2. 

^ I lO ll> 5^ 



Is'eofllessula ? curia, tffelli from tho vadulii. (Approx. X 400.) 

section, but it has mici'oscopic embryonal sculpture, consisting 
of extremely faint, tine, scratchy but regular and continuous 
spiral groo\es, and its mdula is nearly akin to that of paritnra as 
represented in the Owatkin Collection in the British Museum. 

It Inns not yet been proved that the true Asiatic Glessula exists 
in Africa, and may be advisable to promote Seoglessula to full 
generic status, placing in it, sensu Into, IcevigatUf curia, ariel, etc., 
which wdll probably be subdivided into one or more sections 
Avhen their anatomy, for which there is ample material available, 
has been studied. 

The radula formula of the new species, for the figure of which 
I am indebted to Colonel Peile, is 30.10.1.10.30 x (87 + N.), 
the outer marginals being either degenerate or rudimentary. 

Family SuccinkiDj®. 

Genus Succinba Dmp., 1801. 

SuCCINEA HAllARENSIS, Sp, n. (PI. 1. fig. 4). 

Shell rather small, acuminate-oval, imperforate, thin, smooth, 
jseini-ti ansparent, moderately glossy, comeus amber. Spire short, 

* Manual, xx. p. lOS. 
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apex mannuillate. Whorls 2, very rapidly increasing, sculptured 
with broad, weak, transverse growth -stri«e, crossed by extremely 
fine, faint, close microscopic spiral wrinkles; suture oblique, 
well defined. Aperture ovate, peristome simple, acute, outer lip 
nearly straight and rece<ling only sliglitly in profile, columella 
short, somewhat thickened, extending less than half-way down 
the aperture, when it forms a slight angle with tlie rounded inner 
lip ; calbis none. 

Long. 7*8, lat. 4*5 ; apert. alt. tVl, lat. .3*2 ; last whorl 7*6 mm. 

Hah, Harar (type, Kristei^sen) ; R. Katern, Lake Zwai, 
6000 ft. {Oyner-Cooper). 

Type in my collection. 

Rather damaged and immature .shells from the R. Katfra 
appear to agree with the type of this new species, which has been 
in my hands for some yeai s .awaiting further material prior to its 
description ; the spire is shorter ami the aperture longer and 
broader in proportion than in rugulom and limicola Moielet, 
striata Krs., brumpti 11. & G., tchadiensis Germain, and 
adoweusis^ chefneuxi^ wenulikt, poirieriam, or soleilleti Bgt. 


Family V E u o x i c e l l i n -F. . 

Geiius Veuoxicella Blaiiiv., 1817. 

Yeiionicella sp. ? 

191.3, Vaginula pleuvoprocta Mts., ‘Srth., Voeltzkow*.s ‘ Reise in 
O.stafrika/ iii. p. 129. 

1918. Veronicella chevalieri (lerni., Bull, Mus. Paris, p. 117. 

Hah. Jem Jem Forest 

In the first of the two references citei I above, Simroth states 
that, there lies before him a fjiiriy rich serie.s of the group of 
Vaginula pleuvoprocta from the travels of Dr. Neunuinn iri 
Abyssinia, where this group appears to be well developed and 
to have e.stnblished a centre; mentioning later that his researches 
thereon will form the subject of a future work, which, however, 
does not seem to have materialised. 

Oiner-Oooper collected two specimens, of which one is probably 
immature; both are elongate-oval, equally rounded at each eml, 
finely and regularly granulate all over, apart from tlm footsole, 
which is transversely grooved. The larger, on the back ami 
tentacles (contracted), is uniform bluish-black, the umlerside 
pale buff, closely and soinewbat irregularly sfiotted with dark 
grey, except for the foot, which is yellowish buff. 

liOng, (inspirit) 27*2, lat. 10*5 ; alt. 7*3; footsole 26*0 x 4*3mm. 

The cloacal orifice is 2*6 mm. in length, running obliquely 
upwards from the point of the foot, mrallel to the curve of the 
tail ; the female orifice is on the right side of the animal, half- 
way between the side of the foot and of tiie slug, 14 mm. from the 
front. 
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The smaller slug is dull reddish-yellow ou the back, with four 
rather irregular rows of broken dark grey lines ; underpart and 
footsole uniform yellow-buff, with a single irregular row of very 
faint and distant pale grey spots on each side. 

Long. 21*0, let. 9*1 ; alt. 6*1 ; footsole 18*5 x 3*4 mm. 

The foot narrows gi’adually from the middle to the rear, and 
1*7 mm. from its extremity the side« converge abruptly to form a 
right angle. Cloacal orifice oblong, 1‘1 mm. in length, situate 
just to the left of the point of the foot, when viewed from beneath, 
at right angles to the sides ; the female orifice is a small oblong 
dot, 9*8 mm. from the front. 

Notwithstanding their different coloration, I imagine that both 
slugs are conspecific; they are obviously very closely allied to 
V. cAevaltert (xerm., which was described from near Krebedje, 
Haut-Oubangui. 


Family L Y m N 1 1) . 

Genus Lymn.ea Lam., 1799. 

JiYMN.EA CAILLAIJDI llgt. 

1883. Lwimm caillaudi Bgt., Ann. 8ci. Nat. Zool. xv. p. 89, 
pi. X. figs. 100-101. 

Hah. Like Zwai, 8^^ N. Lat. and 38® 75' E. Long., 5500 ft. 
( Omer-Cooper ) . 

1 give a. few synonyms of tliis widespread sj^ecies in tlie faunal 
list on p. 181, but even after taking all these into consideration, 
it is impossible to determine the line of demarcation between the 
intermediates of caillaudi Bgt. and natalensia Krs., if, indeed, 
there be any specific difference between them. The short-spired, 
comparatively obese natalenaia is the form mainly found in »SoufJi 
Africa, and the longer spired, comparatively slender caillaudi in 
the more northern regions, but both occur in company in certain 
localities, and there is no difference in sculpture. 

Lymn^a truncatula (Miill,). 

1774. Bucoinum truncattUum MUIl., Verm. ii. p. 130, 

Hab, Marshes above Serpent Lake, Wouramboulchi {Omer- 
Cooper), 


Family P l A n o it b i das . 

Subfamily Plasoiwin^^, 

Genus Planoebis Geoffr,, 1767, 

PlANOEBIS ABYSSINICUS Jick. 

1874. Fla^iof'bis abyssinicus Jick., Nov, Act. k. L.-C. Ak. Nat. 
xxxvii. p. 215, pi. vit. fig. 21. 

7/a5. Lake Zwai {Omer-Cooper). 
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Planorbis rCppelli Dkr. 

1848. Planorbis ruppellti Dkr., P. Z. S. p. 42. 

1874. Planorbis ruppellii Dkr., Jick., Nov. Act. k. L.^C. Ak. 
Nat. xxxvii. p. 211, pi. vii. fig. 17. 

Hah, Small pond in marsh, Hora Abjata, 7® 50' N. Lat. and 
38^ 45' E. Long., 5000 ft. {Omer-Cooper), 

Planorbis hbrbini Bgt. 

1874. Planorbis ruppellii ^ Jick., Nov. Act. k. L.-C. Ak. 
Nat. xxxvii. pi. vii. fig. 18. 

1883. Planorbis herhini Bgt., Ann. Sci. Nat. Zool. xv. pp. 01, 

101 . 

Hah* Ijake Zwai {Omer-Cooper). 

1 refi’ain from discussion as to whether the above two species 
are identical : it is quite easy to separate their shells when they 
agree with the two figures published by Jickeli, and it will be 
noticed that they did not occur together in the localities cited 
above ; I possess very typical examples of herhini from llarar. 

Planorbis gtbbonsi Nelson. 

1878. Planorbis ylbhomi Nels., Q. J. of 0. i. p. 370, pi. iv. 
fig. 3. 

Hah. Wouramboulclii ; Zukwala ; Jem Jem Foiest; Lake 
Zwai ; Mt. Chillalo {Omer- Cooper). 


Subfamily Bruxjx.f:. 

Genus Bulinus Mull,, 1871 ( = 1siijora Ehrn., 1831). 

Bulinus natalexsis (Krs.)? (Text-figs. 3 & 4.) 

1841, Physa natahusis Krs., Kii.st,, Conch. Cab. (Limncea\ 
p. 8, pi. i. figs, 12-14. 

1883. Physa 'natalica Ki’s., Bgt., Ann. Sci. Nat, Zool. xv, p. 98. 

1908. Physopsis afrkana Krs., N. & A., Ann. Sci, Nat. Zool. 
viii. p. 267, fig. 5. 

Hah. Hora Harsadi, and probably Hora Bisboftu, Adda, and 
Sucsuci River, L, Zwai (text-fig. 4i) (Omer- Cooper). 

Horn Horeso, Adda, and probably also Hora Bisboftu (text- 
fig. 3) (Omer-Cooper). 

It is by no means an easy matter to deal with certain species 
of Bulinus and Physopsis^ as few authors seem to have studied 
their microscopic sculpture^ a feature which, though perhaps 
of less value in the determination of aquatic than terrestrial 
species, must surely be of some importance as affecting the kinship 
of similar raxses from mutually remote localities. 

In recording nolaltca from Abyssinia, Bouigui^at wrote: — 
This species, collected in the watercourses of Mt. %boul and the 
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plain of the Gallas Ralas, is so similar to that of Natal, except 
for a little smaller size, that it is impossible for me to distinguish 
between them,” and the set from Hora Horeso agree so nearly 
in form with the South African nataleiisia that there can be little 
doubt but that they are akin to those examined by Bourguignat, 
while also agreeing well with Neiiville and Anthony's figure, cited 
above, of a shell from Chola, near Addis Adeba, but not in the 
least like Fhysopsia africana. The set from Hora Haimdi difl[ei* 
in having a much shorter spire, the outer lip extending almost 
to the summit, and in the columella being nearly straight, lacking 
the slight kink half-way down, which is a marked feature in the 
South African race and, to a less extent, in the shells from llora 
Horeso. 

When we examine the microscopic sculpture, however, we find 
that all typical examples of Krauss's species have the first whorl 
practically smooth, and on the second close, l ather strong trans- 
verse strire, wdiich become fainter and much further apart on the 


Text-figure .‘1. Text-figure 4. 

ah ah 



BtiUnu$ natalensis (Krs.) (?). 

Fiff. 3 — From Hora Horeso. (X 1.) 
Fig, 4. “From Hora Hnrsacli. (x 1.) 


third and still fainter on the fourth (last) whorl, with scarcely 
any trace of spiral sculpture. The same pattern prevails on 
B. mutandaensis (Preston), from Uganda, which 1 can only con- 
sider a synonym of natalensia. 

On the other hand, the shells from Kora Harsndi, with similar 
transverse striation, show faint spiral furrows on the third and 
fourth whorls, while in those from Hora Horeso the first wdiorl 
is evenly punctate, spirally and radially, to the extreme apex, the 
spirals continuing in strong, shortly-waved grooves, especially 
strong below the suture, on tlie remaining wiiorls. 

While the first mentioned of these two races may be conspecific 
with natcdensis, it is quite probable that the other is distinct ; but 
there are already in existence so many species of Bulinua of 
which the microscopic sculpture is unrecorded, that I refrain from 
adding to the number, until it may be possible to enter more fully 
into the question and determine how much value is attachable to 
it in the differentiation of aquatic mollusca. The shells from the 
E. Sucsuoi are immature, but it will be noticed that both laces 
appear tc live in company at Hora Bisboftu* 

Outline drawings of each are given below. 
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Bulinus suhackoi (Jick.). 

1874. Isidora schcickoi Jick., Nov. Act. k. L.-C. Ak. Nat. 
xxxvii. p. 197, pi. vii. fig. 12. 

ITah, Addis Abeba {Omer-Cooper). 

While the exact relationship of this and the next species to the 
Egyptian truiicaPas is unsettled, the typical form of schackoi is 
rather distinctive in mature examples ; the paii* from Addis 
Abeba agree exactly witli Jickeli's figure. 

Bulinus sericinus (Jick.). 

1874. Isidora sericina Jick., Nov. Act. k. L.-C. Ak. Nat. 
xxxvii. p. 194, pi. vii. fig. 11. 

Hah. Serpent Lake and Wouramboulehi marshes; Makke 
River, L. Zwai, GOOD ft. {Ome.r-Vooper). 

Tills form bears to truncates somewhat the same relationship 
as does craveni Ancey to tropicus Krs., in that, in very fresli 
and slightly immature condition, the shell is stiongly lirate, 
but I doubt whether this c institutes ground for even varietal 
distinction. 

Bulinus tuuncatus ‘‘ Fer. (And.). 

1827. l^hysa tvitncaia Fer., And., Descr. de ITCgypte, i. pt. 3, 
p. 34. 

1922. Bidlinus truncatus And. {^coniorta Mich., Iwmpnchii 
and hrocckii Ehrn., cum var. (qyproximans Mouss., maresi^ ray- 
moudiattUy hrondeli Hgt., schaxkoi and Jick., lirata Mouss., 

dyhowskii Fisch., itmesi Palrv. and tiheHadeiisis Prest.), Annan- 
dale, Iml. Journ. Med. Res. x. p. 484. 

Hah. AVouramboulchi ; water-hole north of Makke R. ((h/ier- 
Cooper). 

The waters of Wouramboulehi connect wdth the Blue Nile, so 
there may be some significance in truncatus and sericinus being 
found close together there. 

Bulinus forskali (Ehrn.). 

1831. Isidora for skalil Ehrn., Symb. Phy.s., Evert., 3rd species 
(no pagination). 

Hah. Siicsuci River, south of Lake Zwai {Omer- Cooper). 

PELECTPODA. 

Genus Sph.erium Scop., 1777, 

SPHJiRiUM PHARAONCM “ Bgt.,’’ Fairy. 

19D9. Sphmrium {Carneola) pharaonum Bgt., Fairy., Mem. 
Inst. £g. vi p. 74, pi. xi. fig. 14. 

Paoc, ZooL. Sac.— 1928, No. XII. 
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Hah, Marshes abo^e Serpent Lake, Woiiramboulchi (Omer* 
Choper), 

Except for having very slightly weaker, though similar, 
sculpture, this series agrees well with the Nilotic species. 

Sph^biom subcapkkse Bgt. 

1874. Cyclaa capenna Krs,, Jiok., Nov. Act. k. L.-C. Ak. Nat, 
xxxvii. p. 291, pi. xi. fig. 14. 

1881, Sphcariam auhcapeme Bgt., Ann. Sci, Nat, Zool. xv. 
p. 133. 

Hah, Woiiramboulchi (Omer-(7ooper). 

I am a little doubtful as to the correctness of this ideiitifica>tion, 
but the shells agree with Jickeli’s measurements and in sculpture 
and fragility with his description. 

Genus Pisidium C. Pfr., 1821. 

PiSIDIUM PIROTHI Jick, 

1881. Pisidium pirothi Jick,, Jahrb. D. Mai. Ges. p. 340. 

Hah, Serpent Lake, Wouramboulclii ; Addis Abeba {Diner- 
Cooper), 

Tliis unfigured and little-known species is the only Pisidium 
yet recorded from Abyssinia, having been described from Harasa, 
between Atbara and Bassalam. Omer-Cooper s examples corre- 
spond with Jickeli^s measurements, and appear to ngree with his 
rather scanty description ; the cardinal tooth of the riglit valve 
is of rather regular crescent-shape, as emphasised by the German 
author in the case of pirothi. 


3. A Survey of the XoUuscan Fauna of Abyssinia. 

The following list includes every recent species of land and 
freshwater mollusc, except for a few instances of obvious mis- 
identification, which has been attributed to Abyssinia or Eritrea 
in the appended bibliography, and may be regarded as practically 
complete. I give details of synonymy only when it has been 
established by other authors. 

Pt,vchotrema dentieulattim (Iforel.), aisl 
varr. quinquspHeata {^papiUifera) 
iiud hildebrandti Jick., hamacenioa 
and naiM Conn. 

Ptyehotrema rafrapi (Bgt.). 

„ roherti (Prwt.). 

Qulelta meneliki (Pregt.). 

„ sitnplieima tPrest.). 

„ somalimtais (Smith). 

„ iurmnei (K. A A.). 
miln6*«dwardai Bgt. 


VitHna ahj^nUM Kiipp., Pfr. 
„ antontUii Pollon. 

„ hianchii Pollon. 

„ eaillaudi Bgt. 

„ oonquisita Jick. 

„ damandi Pfr, 

„ dsmissa Jick. 

„ devwa Jick, 

„ Potion, 

H groif fa Conn. 
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Vitrina helieoidta Jick. 

AgrioHmax Umaeoidee Srth. 


herbini Bgt. 

„ uataderensia Srth. 


humilie Pullou. 

Atoxon erlangeri Srth. 


ieseli Morel. 

Vatula abgtsinica Jick. 


JntnjameuBie Mlldff. 

Funetum abhadianum Bgt. {^hrocchii 


jickelit Kih. 

1 Jick., non Calcara. 


nta mil lata Mt«. 

j „ brucei Jick. 

tf 

jnarteuai Jick and xtLYt.haJio- 

„ cryopkillum (Mts.). 


toidea Pollon. and planulata ' .Eremina denertella (Jick.). 


JCeropJnla hamaeeniea (Bgt.). 


„ milne^edwardsiana Bgt. 

99 

anbnivellina (Bgt.). 

„ modeeta Pollon. 

Fruticicola aaaaortina Pollon. 

„ raffrat/t Bgt. 

„ ragazzii Pollon. 

y» 

hecenrti (Jick.) cilia ta 

Morel, non Venetz.). 

,, riepiana 

„ 

combeaiana (Bgt.). 

,, somiruffata Jick. 

» 

darnaudi (Pfi*.). 

Africarion l^ymphaseus (Morel.). 

»> 

dhericourtiana (Bgt.). 

„ palletix (M<»rel.). 


ferretiana (Bgt.). 

Granulartou hians Uupp., (Pa*.). 


gahnieriana (Bgt.). 

„ rupptthaims (Vir.). 

„ 

herhini (Bgt.). 

If (dicar ion erlangeri Kob. 

jf 

heuglini (Mts.), 

„ raffragt Bgt. 

„ ragazzii Pollon. 


laaeli (Morel.) {^stachilli 
and lejeaniana Bgt.). 

Uudetlla abgssunca Jick. (^eurg^ 

»» 

pilifera (Mts.). 

otfiphaln Bgt.). 

,, oteoea (l*tr.) {?). 


roaenbergi (Prest.) and var. 
depreaaa. 

„ nnguinoMt (Pollon.). 


acioana Pollon. 

., restii (Jick ). 

»» 

alrigelloidea Pollon. 

Ledoulxm alfieriana Sol., (Bgt.). 

CoHuUnus affinia (Pre«t.). 

hUiutdi (Bgt ). 


niacrocomia (Bgt.). 

,, elatwr (.Mth.). 

„ filomarginata (Kob.). 


aubeminnlua (Bgt.) (s= 
cm inulus Morel., 1872, twn 
1848). 

„ pgramiUea (Mts.), 

Ceraatua 

abbadianus (Bgt.). 

,, rotherhildi (N. & A,). 

„ zeltneri (ii. ft: U.), 

f* 

abysainicus Kiipp., (Plr.) (« 
ilqi Bgt ). 

Ka India barrakporensis (PfV.). 

tt 

achilti (Bgt.), 

Sitala raffragi Bgt. 

>» 

antinorii (Pollon.). 

„ steudneri (Juk.). 


hoccardi (Pollon,). 

„ trachulus Pollon. 

tt 

caroUntB (Kub.). 

lAniaa eidamoensis 11. db G. 

.. 

chefneuxi Sol., (Bgt.). 

Agriolimax ahettainicua Srth. 

>» 

darolienaia (Kob.). 

„ afer Srth. 

.. 

erlangeri (Kob,). 

„ concrementoaua Srth. ^ 

»» 

galinierianua (Bgt.), 

„ deckeni Srth. 

» 

gara-mulatae (Kob.). 

„ faacua Srth. 

ft 

harriai (Hve.). 

„ garduUanna Srth. 

n 

hemprichi (Jick.), 

„ gimirranus Srth. 


herhini (Bgt.). 

„ glandutosua Srth. 


Jiekelianua (Nev.). 

9 * gofanuM Svt h. 

»* 

l^eanianua (Bgt.),/?c2e Kobelt 

„ Jiekelii ( Hay ) . 

») 

lyeania naa ( I imee). 

it kaiffanaa Srth. 

w 

malieahta (Kpb.). 

^ hmtanua Srth. 

» 

mmaliki (Bgt). 

n k<mkan»9 Srth. 


nmamaimi (Kob.). 
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Cerasltts olivieri (Pfr.). 

„ vaffrayi (Bgt.). 

„ rothschildi (N. & A.). 

„ riippelHanus (Kol).). 

„ sacconii (Pollon.)* 

„ scioanus (Pollon.). 

„ Simon is (Bgt .) (» sinuosus 

Bgt., Prest., lapSHS calami). 

„ soleiUeti 

„ tanisierianus { 

„ vigonii (Pollon.). 

Mhachistia erla7\geri (Kol).). 

„ galanensis (Kol).). 

„ moluensis (Kol) ). 

„ rhodotania (Mts.). 

„ rochehnmtana (Bgt.). 

„ rorl'orensis (Kob.). 

JPttpoidcs sennaariensis (Pfr.) { = 
cereal is Palail., ra/n’'^ 
Jou<s5{., a-thiopicus uiul 
maharasicus B}j:t.). 

„ vermiformis (Pulad.). 

JLaura hruguierei (.Tick.). 

„ wouramboulchiertsis Conn. 

Pupilla glohulosa (.lick.). 

„ raffragi Bgt. 

Orcula imhrieata (Jick.). 

Gastrocopta haggenmacheri (.Tick.). 

„ hermosa (Jousn.). 

„ klunzingeri (.lick.). 

„ pleimesi (Jick.). 

Nesopupa bisulrata (.Tick.). 

Negulus ahgssinicus (lleinh.). 

„ reinhardti (Jick.). 

Tmncatellina blanfurdi (.Tick.), 

„ lardea (.Tick.). 

„ (Jick.). 

„ similis (Jick.). 

Aeanthinula peracanthoda (= raJJTrapi) 
BfCt, 

Ahhadia ethiopica Bgt. 

Clausilia dgstherata Jick. 

» jemjemensis Conn. 

„ rothschildi N. A A. 

„ sennaariensis Pfr. 

lAmicolaria ahajensis Kob. 

„ adansoni (Pfr.). 

„ hecearii Morel. 

„ burtoniana Graiidid. 

„ caillattdi (Pfr.). 

„ eandidissima Parr., Bhutt. 

„ ehoana Bg:t. pgrami^ 

dalU, gtandinopsis and 
ekafneuxi Bgt. and rai*. 
flamminifera N. k A.). 


Itimicolaria dherieourtiana Bgt. 

„ Jlammata (Ciiill.) and var. 

smith i Pi lab, 

„ jlanimea (Miill.) and var. 

glohosa Germ. 

„ gestroi Germ. 

,, heuglini (Mts.) and var. 

jickelii Pollon. 

„ gtckeliana Threat. 

„ kordojana Parr. (Phil.). 

„ ruppelliana (Pfr.). 

„ soleillefi Bgt. 

„ spekiana Grandid. 

„ vanattai PiNb. 

Achatina daroliensis Kob. 

„ erlangeri K. & M. 

„ scheinfurthi Mts 

„ {Ijeptocallista) rajl'ragi 

Kob. 

Homortts angusta(ns (Jirlc.). 

,, antinorii (Morel.). 

,, eganostumn Biipit., (Pfr.). 

„ clUrhecki Kob. 

„ erlangeri Kob. 

„ gara>mtilalce Kob. 

„ gimrenais Kob. 

„ obesus Kob. 

„ omeri (Ninn. 

„ perlvcida Gbesi.). 

„ /)cmVW<r««s ( Bgt.). 

,, princeps Prest, 

„ ragazzn INdlon. 

„ rothschildi (N. & A.). 

„ suaveolans (Jick.). 

„ subnlatus (Juk.). 

„ variahilis (Juk.) and \arr. 

Jickelii and Ihotclieri Bgt. 

„ vernicosns (Jick,). 

Suhulina chiarinii I’ollon. 

„ erlatigeri Bttg. 

„ isseli Jick. 

„ laenum Bttg. 

„ mahilliana Bgt. 

„ meneliki Prest. 

„ mnuzingeri (Jick.). 

„ newtoni Gir. 

„ ngmpha l^rost. 

„ vicina Prest. 

Opeas gracile (Hutt.). 

„ indifferens Bttg. 

NeogUssula (?) ariel (Prest,). 

„ enrta Conn. 

,t montand (Mts.), 

OeeUioides Usdi (Palad.). 
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■Ceeilioides soleilleii 

Ccelestele eegyptiaca Hgt. 

„ paladilhiana Nev. {-^Fran- 
ee»ia scalaris Palad.). 

Zoot 0 cu 8 insularU (Elirn.) {^adeMnsis 
Pfr.) and var. major N. & A. 

Zua (r) thalasniua Jousa. 

Suecinea tethiopica Hgt. 

„ haumanni Stur. 

„ brumpti R. & (>. 

„ ehefneuaci Rgt. 

„ dehilU Morel. 

„ hararentia ('onii. 

„ limicola Morel. 

„ meneliki Bgt. 

„ ruguloaa Morel. ( = adowenais 
nml poineriana Hgt.). 

VeroniceVa comorienaia Fisch. 


Lgmnaa caiVandi Hgt. (= tethiopica^ 
acroxa^ ntexandrinat and 
roffragi Hgt. and africana 
Rupp., (Hgt.)). 1 

„ exaerta Mts. 

„ graviert Hgt. 

„ natalenaia Kra. 


Fla 


orophila Moiel. 
aolcilleti Hgt. 
truiicatula (Miill.). 

\orhia ahpaainicua Jick. 
adoivanaia Hgt. 
tethwpicua (=« angulatua) 
Hgt. 

alexandrinua Ehrn. 
hoccardi Pollon. 


hoiaagi P. & M. 
bozaai R. & (t. 


cecchii Pollon. 


ehreiibergi H«*i’li (~ cornu ' 
Khru.). ' 


„ gihbonai Nets. 

„ herbtni Hgt. 

„ ruppelU I>kr. 

„ atanlegi Smith (» hridoux* 

ianua Hgt.). 

„ audanieua Mts. i 

Fagmaniina anguata Jick. 

Fulinua eoulhoiai (Hgt.). 

„ forakali (Ehrn.) {^JiacJtariamu 
Hgt.), 

), natalenaia (Krs.). 

,, aehaekai (Jick.). 

„ aarMnua (Jick.) and var. 
harpnla Poll. 
ickadianaia (Gann.). 
trunmiua F^r.» (And.) ^eon* 
tortua Mich. 4 hroeekii Bhm.). 


Fhgaopaia ahgaainica Mts. 

„ africana Kr&.^fde N. 4 A . 

„ eximia Hgt. 

„ Sol., Hgt. 

„ aoleilleti Hgt. 

Aneglua ahgaainicus Jick. 

„ hamacenicua Hgt. (= eom- 
presaua Jick., won Nj'st.). 

Ltgatella darolienaia Kob. 

„ ganalenaia Kob. 

Fila bridouxi (Hgt.). 

„ ovata (Oliv.) and var. kordofana 
Parr., (Phil.). 

„ revoili (Hgt.). 

„ wemei (Phil.), 

Laniatea carinatua (Oliv.), 

„ omm Ptr*., Trosch. 

Viviparua abgaainieua (Mts.). 

„ unicolor (Oliv.). 

Cleopatra bulimoidea (Oliv.). 

„ pauli Hgt. 

„ percat'mata Bgt. 

„ Jick. 

„ aoleilleti Bgt. 

Melanoidea tuherculatua (Miill.). 

Bulimua gorgi (Bgt.). 

,, neumanui (Mts.). 

„ aennaarienaia (Pfr.). 

„ anbbadiellua (Hgt.). 

Aaaimmea tethiopica Thiele* 

Valvata nilotica var. acioana Pollon. 

Theodoxua africanua Parr., (Rve.). 

Unio abgaainieua Mts. 

„ <eneu« Jick. 

„ chefneuxi N. & A. 

„ demhue Kssmlr. 

„ hamganua Hgt. 

„ ilqui Sol., Hgt. 

„ jicheli Simps. 

„ meneliki Sol., Hgt. 


„ rothachildi N. 4 A. 

„ aoleilleti Bgt. 

„ traveraii Pollon. 

Spatha alftariana Bgt. 

„ blogeii Hgt. 

„ boaaai R. 4 G. 

„ bruMpti K. 4 G. 

„ oaillaudi Mts. 

„ mamoi Jick. 

Mutela angnataia Sow., (Rve.). 

„ Hilctiea (Sow.). 

„ voatrata (Rang*). 

JStheria alUpiiaa Lam. (>« eaillmndi 
Fer., inh^ara Sow,, and 
nilotica Lot,, Bgt,), 
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Corhicula calli'ppga B|?t. 

„ consohHna (Caill.)* 

„ jlwninalis (MiilL) and var. 
eraasa Mts. 

„ gravieriana Bgt. 

„ pusilla Parr. (Phil.). 
aoleilleti 

Spharium ahgaainieum Polloii. 

„ hoeeardi Pollon. 


Sphaarium phnroanum Bgt., Pahy. 

„ auhaapanaa (=* capenaa 
Jick., non. Ivrs.). 

Soleilletia abbadiana Bgt. 

f, hamgana Bgt. 

Bupara jickelii (Bgt.). 

,, paraaitica Parr., (Desli.). 
Tiaidium pirothi Jick. 


A study of the foregoing list, which contains no fewer than 218 
so-called species of terrestrial and 102 of aquatic inollusca, will 
show that thi.s Abyssinian fauna is remarkable both for its rich- 
ness and extreme exclusiveness, since of the terrestrial species 
there appear to be only twelve, exclusive of LimicolaHa^ which 
are known to exist outside the confines of Abys.sinia and Eritrea, 
and some of these were described from the adjacent district of 
Sennaar, while others are either widely distributed or may have 
been wrongly determined. 

The explanation of thi.s exclusiveness lies in the fact that 
Abyssinia is a country of elevated plateaux and mountains, 
well supplied with lakes and rivers, verdant , at least in the rainy 
season, yet cut off from other regions of a like cbaiacter by the 
arid, low-lying lands which surround it, such as Somaliland, 
Gallaland (the south-eastern district of Abyssinia), and the 
Sudan. Though Abyssinia is well within the Tropics (about 41'*^ 
to 14|® N. Lat.), its climate on the high plateaux is temperate. 
Almost all round its l>oundaries the mountains rise steeply, and 
in some parts form a veritable wall. The distance by rail from 
Jibuti in Frtmch Somaliland to Addis Abeba, the capital of 
Abyssinia, is only 490 miles, yet the rise from see-level is more 
than 8000 ft., the first day’s journey out of Somaliland reaching 
a plateau of nearly 4000 ft. 

Most of Eritrea is in the Abyssinian faunal preserve, as the 
boundaries are purely political, and owing to the difficulty of 
determining the exact localities mentioned by certain authors, 1 
have admitted all the Eritrean, except the semi-marine, mollusca 
into my list. But the Red Sea coast of Eritrea, as well as 
Jibouti and all French Somaliland and the coastal regions of 
British Somaliland, are not really within the Abyssinian area, 
and the difference between the land -shells is very marked. 

Due, no doubt, to this temperate tropical climate is the preva- 
lence of such northern genera as Frviicicola and Agriolimax^ 
which do not appear to be endemic fux*tber south, and the 
abundance of Vitrina, which extends in both directions, while, on 
the other hand, Abyssinia is such a veritable stronghold for the 
tropical genus Cerastus that it may well have originated there. 
Another noteworthy feature of the land-shells is practicably 
complete absence of the operculates, while, with one or two 
individual exceptions, this countiy marks the northern limit of 
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Ledovlxia^ Gtidedla^ Homorus^ 8uhulina^ and the Streptaxidie. 
With the exception of Zooiectca inaularis the Arabian influence^ 
which is so strongly marked in Somaliland, is not apparent. 

With regard to the freshwater mol hisca, after eliminating more 
than a third of the existing species as unnecessary, there will 
remain no very remarkable feature; perhaps Flcmorhisahyssinicus 
Jick. and, in less degree, the same author's Bidinus schackoi are 
more local in their occurrence than the rest ; 1 have not traced 
records of them outside Abyssinia. 
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EXPLANATION OP THE PLATE. 

Fig. 1. Vitrina groaepunetata Conn. Shell (X 2) and microscopic apical 
sculpture (highly magnified). 

2. Homorui omeri Conn. (X 2.) 

3. Neoghaula (?) eurta Conn. (X 2.) 

4. Suceinea Aararsnsis Conn. (X 4.) 

6. Clausiliajett^^emefuis Conn. (X 6.) 

6. Lauria wouramhonlchimHs Conn. (X 10.) 
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Introduction, 

While engaged in the study of tlie strutiiious assembluge of 
birds, 1 became increasingly certsiin that while sucli terms 
as “ Dromfeognathous or ** Palaeognathous ” might justifiably be 
used to designate a comprehensive group of birds possessing a 
primitive form of palate which sharply differentiates them from 
the Euornithes or Neognathre, charactei-ised on their part by the 
possession of a more highly developed or derived palate, such 
terms were inapplicable wlien used solely in reference to the 
struthious group, since it is evident that there are certain primi* 
tive fossil types, such, for example, as Gastortm^ Dasornis^ and 
RemiornUy which, although they may have been Palsaognathous, 
may not necessaiiiy have been Struthious. 

It seems clear, in fact, that by such terms as Palceognathie or 
Neognathad two aubclaami of birds are implicit, and that if we 
wish to specify the struthious order another term must be 
employed. By the struthious order is here understood such an 
assemblage as is formed by the Emus, Gassowaries, Kiwis, Moas, 

* For explanstion of the Flst^ «ee p. 247. 
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liocs (^pyornithidae), Ostriches, and Bheas, in addition to such 
fossil forms which^have been, or will be, found to be properly 
associated with it. To such an assemblage or order the term 
“ Struthiones may well be applied. 

The question whether this assemblage of differing families may, 
indeed, be rightly regarded as a natural group has been the 
subject of much difference of opinion and will be considei*ed later 
(see p. 242), as it would appear to have a bearing on what will, 
perhaps, be regarded as the principal theme of this paper, viz., 
the primary tlightlessness of the Struthiones. 

It will be noticed that the Tinamous are not included in the 
striithious order. 1 have given a great deal of attention to 
the position of this group and its relation to the Struthiones, 
and the conclusion I have come to after a first-hand study of 
every branch of its anatomy is that the Tinamous possess one 
series of diameters which may be described as Palaeognathous 
but which may not necessarily be struthious, another series 
solely confined to such structures as are intimately connected 
with the functions of flight and which may be described as 
“ Neognathous,” and other characters which do not quite conform 
to either of these divisions. It seems evident, therefore, that the 
Tinamous rejiresent a primitive group (Crypturi) which can 
neither be included with the PalaeognathsD nor with the Neo- 
gnathae. They are almost exactly intermediate, in fact, between 
the two. 

A somewhat comprehensive study of the Struthiones, fossil 
recent and embryological, carrie^l out from time to time during 
the last two or three years, has had the efiect of convincing me 
that in this group we have to deal with birds which are the more 
or less specialized representatives of a primitive stock which never 
acquired the power of flight. 

All the evidence, so far as I can interpret it, seems to point to 
the strong proliability that the degi^ee of •* flying power, if such 
an expression is permissible, exhibited in the wings of the ostiich 
and rhea represents the actual high-water mark attained by any 
known representatives of the group, and that the Struthiones 
must be regarded as a blind-alley ofisboot descended independently 
of any other o!*der and directly from the ancestml bird. 

A number of proofs which appear to support this view will be 
brought forward in the present paper, but as the results of these 
investigations seem to call for a radical change of view from that 
generally adopted, it seems necessary to show, first of all, what is 
the general belief which has been commonly held. In regard 
to this there seems to be little doubt that the true position of the 
Struthiones in relation to the rest of the avian class has been 
misinterpreted, so strongly and persistently misinterpreted, 
indeed, that there seems good Justification for a review of the 
whole question. * 

Thus, so far as one can gather from a study of the literature, 
the general consensus of opinion among soologists, ornithologists,. 
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and palaeontologists would appear to be tliat this group of ostrich- 
like birds, commonly known as the ‘* Ratita?,** is a degenerate or 
retrogressive group descended from some proto-carinate ancestor 
which could fly. Over and over again, for insbince, one finds in 
the papers studied a persistent temlency to interpret the many 
primitive morphological cliaracters so constantly met with in 
terms of degeneracy, while the group ns a whole is portrayed as 
the ancient relic of a primitive stock whose descendant'^ have lost 
the power of flight. 

Thus it is the ‘*los.s’^ of flight, the “loss” of the keel, the 
“ loss ’’ of continuit}' in the mechanism of tlie wing-feathers which 
seem to have been again and again insisted upon, while all the 
anatomical and histological features, which bear the hall-mark of 
the reptile or point to a phase of avian evolution which might 
almost be termed embry^aiic, seem to have been ignored. 

That the hIk^vc is not an exaggerated view of the opinions 
which have been held iii the past will, I think, be e\ident from 
the following quotations. 

Owen (1806, ii. p. 43), for instance, says: — “Although as a 
general rule in the class Aves the separate bones [of the skull j 
can be discerned only at an early period, yet in these birds 
in tr/iich the power of is abrogated ( italics mine] the indica- 
tioiiH of the primitive centres of ossification endure longer, and 
in the species here selected (the ostrich) for the illustration of the 
cranial segments, the constituent bones of tlie skull have been 
merely separated by maceration in the half-grown bird.*^ A 
statement which not only implies a loss of flight in the struthious 
ancestor but might possibly be interpreted to mean that the 
delay e<l union of the cianial sutures was associated with the 
abrogfition of flight, whereas it is. of course, obvious that Owen 
must have recognised it as a belated manifestation of a reptilian 
character in the “ Ratite " skull. We know' at any rate that the 
delay eil union of the cranial elements brings the Sti uthiones into 
close touch with a group of reptiles whicli did not fly. 

Jeffery Parker (1882, p. 25o), in some remarks on flightless 
birds in genera] and tlie “Ratite*' in particular, regards the 
latter as “the greatly specialised but degenerate descendants of 
carinate birds and again further on (p. 2*06) he says: “The 
Proto- Car inatje being by this hypothesis good fliers w'ere pre- 
sumably not of gigantic size ; moreover, they probably possessed 
feathers with connected barbs so that the special characters of the 
Ratite plumage should be looked upon as a secondary or degenerate, 
not an ancestral character.’' In passing I may state that this 
structural aspect of the feathei'S is dealt w*ith further on (pp. 199- 
207), where I think conclusive evidence is brought forward to 
prove that in the matter of feather-structure in the Struthiones 
we aio dealing with a primary condition and one which sheds a 
good deal of light on the primitive feather. 

Beddard (1898, p. 498), again, in his ‘ Structure and Classifi- 
cation of Birds/ after defining the stinithious order, says : “As 
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will be seen from the above definition the characters of this group 
are to a considerable extent negative characters. They are for 
the most part such characters as are correlated with the loss of 
the power of flight. W e need not, therefore, Jay too much stress 
oipoii them as indicative of the natumlness of the group.’^ 

A few lines further on he again speaks of the osteological 
peculiarities as (kgemration^ and says : ** perhaps even the osteo- 
logical and other cliaracters which, as already suggested, are but 
evidence of the loss of flight-power, may be of more importance 
as an argument for aflinity than is generally admitted ; it may 
show that they are allied because the degeneration has proceeded 
along the same lines.’’ 

Gadow regards the Struthiones as a group of primitive forms 
more nearly representing Proto-Oarinat» than any other living 
birds. 

Pycraft (1898, p. 260), in his important paper on the “ Morpho- 
logy and jPhylogeny of the Palseognathae,” says: ‘‘It is now 
generally admitted that the Pal»ognatba 9 must be descendants 
of the avian Proto-Carinate form capable of flight ” ; while on 
p. 222, in his remarks on the pectoral arch, he regards the 
shoulder-girdle of the flightless Palseognathse as having undergone 
considerable modification and as bearing evidence throughout of 
retrogression. Quoting Jeftery Parker from his “Observations 
on the Anatomy and Development of Apteryx^^^ he says that 
authority has given a number of characters which lend the 
strongest support to the view as to the derivation of the Palieo- 
gnathsB from an avian Proto-Carinate form capable of flight. “ To 
many,” he says, “ they will be convincing.” The most important 
of these are : — 

“ The fact that the skeleton of the fore-limb is that of a true 
wing. 

“The presence of an alar membrane or patagium. 

“The presence of remiges and tetrices inajores.” 

“ The alar membrane,” lie goes on to say, “ is a structure of 
great significance. According to Parker it is the remnant of a 
•once extensive scale-covered patagium. As these scales gradually 
became transformed into feathers the size of the patagium 
decreased.” 

These points, and more especially that concerning the presence 
of a patagium, will also be taken up again (p. 208), but 1 may say 
here that I have examined embryos of all the existing Katitss, 
more especially the Ehea, of which I was fortunate enough to 
obtain a fine series in different stages of development from 
Colonel Morley Knight, and I can find no indication of any 
patagium at all. 

In the same paper on the ApUryx^ from which Pycraft quotes, 
Jeffery Parker says (p. 37) : “On the whole it appears to me that 
the structure of the wing of Apteryx lends supp^ to the view 
that the Batitee are the descendants of birds which posseased the 
power of flight, a view which, 1 believe^ Owen was the first to 
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advance. In spite of Miss Lindsay’s conclusions [1885, p. 684 J 
from her study of the development of the sternum, and Wray’s 
[1887, p. 343] from his researches on the wing, 1 am still disposed 
to think thiit the balance of evidence is in favour of the hypothesis 
to which 1 was led by a study of tlie flightless llallidie, that the 
Katitte spring from a Proto-Carinate stock, a tlieory which lias 
recently received strong support from the researches of Fiirbringer 
and Gadow.” 

Both these lost two authors consider that the })resent llatita^ 
are the descendants of birds which once possessed the power of 
flight. Yet Gadow remarks (1888, p. 666) that “the Penguins 
retain a condition [of the remiges and coverts] which in otlier 
birds is referre<l to their embryonic life, whilst Strvthio 
represents an intermediate stage.’*’ He makes, however, the 
proviso tliat no secondary reduction from several to one series of 
under wing-coverts has taken plact?-— a reduction, however, which 
he assumes in Rhea. On the other hand, lie points out that 
Wray (1887, p. J154) lias shown that StrtUhio sliows various 
conditions wliich in tlie Oarinatae are repeated during their 
embryonic growth only. 

Coming down to more recent times'. Broom (1906), in a paper 
on the embryonic develojmient of the ostrich’s shoulder-girdle, 
also tliinks tiie ancestor of this bird flew, and by inference tliat 
the Pala’ognatlue have lost the power of flight, while some of the 
anat.oinical features exhibited by them are evidence of retro- 
gression. Broom's embiyologicnl researclies will be again referred 
to in another part of this paper dealing with the shoulder-girdle 
(see pp. 223 232). 

Finally, Professor J. K. Duerden (1920), who has liad excep- 
tional opportunities of stiulying the ostrich in South Africa, has 
devoted a. paper entirely to the “Methods of Degeneration in 
the Ostrich.” A|)art from various forms of retrogression or 
sjiecialization in the ostrich, such as the reduction of tlie number 
of the toes, examples which no one is likely to deny, it is clear 
that Duerden regards the inability of the ostrich or its ancestors 
to fly as a secoinlary phenomenon due to the loss of various 
factors, for he says (p. 131) “the loss of eft'ective barbicels. 
leaving the vane of the feather loo.se and open and incapable of 
offering resistance to the air, has rendered flight imjiossible. 
Probably as a result of the same degenerative tendency, other 
losses of plumages have taken place as well as a total loss or 
reduction in the size of the wing, the disappearance of a sternal 
keel, and of elements from the shoulder-girdle.” Under the 
beading of “ Feather Structure” (p. 199) I shall bring forward 
evidence which seems to me to go a long way towards definitely 

S roving that the feathers of the entire group of present-existing 
truthiones never got so far forward in development as to 
produce barbicels at all, or even barbules in any way comparable 
with those of volant birds. No one seriously thinks that the 
{Mresent^existing genus Struikio ever flew, although many are of 



190 MR. P. K. LOWS : 8TUOXS8 ANO OBSERVATIONS BEAAINQ 


the opinion that its ancestors did. But it is interesting in ibis 
respect to remember that we can go back to the Upper Eocene 
of the Fayuui district in Lower Egypt and, in the case of J^remo- 
pezus^ rest convinced from the evidence of fossil remains that 
this bird was, practically beyond doubt, a large non -flying courser 
which in general make-up was probably compaiuble with the large 
struthious fovmst of the present day. If this is so the process of 
degeneration of such a minute and delicate structure as the 
^^struthious barbicel” would appear to have extended over an 
unconscionably long time. 

In the meantime enough has been said to make it clear tliat 
there has always been a very strong tendency to regard the 
ostrich-like group of birds as the degenerate descendants of some 
primitive stock possessed of the power to fly. 

In the present paper evidence will be brought forward which 
seems to me to point to the strong probability that this primitive 
group had no volant ancestor, and that flight in any way com- 
parable to that exhibited by modern birds had never been attained 
by them. 

Furtlierraore, degeneration or retrogression, although doubtless 
present in the wings of certain gi'oups, such as the Cassowary, 
Emu, Kiwi, Moa, or JCpyornis^ seems to iiave played but a very 
secondary part in the history of these the most primitive of living 
or comparatively I'ecently -extinct birds, a fact which will, 1 
believe, become plainly evident when w’e come to deal with the 
microscopical details of the feathers or go deeper to investigate 
the structural peculiarities and development of the shoulder- 
girdle, sternum, and other structures too numerous to refer to 
here. 

On the contrary, there seems to be strong reasons for coming 
to the conclusion that in the Struthiones w© have a cumulative 
mass of evidence which appears to the writer to point over- 
whelmingly not to the fact of retrogression or degeneration, so 
much insisted upon by other writers, but to a primitive arrest 
of development, which can only be explained on the hypothesis 
that as a group or phylum they failed at the very outset 
to attain to the full fruition of avian development. Thus 
it hardly matters to what structure or organ we turn but we are 
met with a condition of moiphological evolution which can only 
be described as either never having proceeded much beyond an 
embryonip or early stjige in avian evolution or as being frankly 
reptilian. 

To use a somewhat hackneyed expression we seem to be con- 
fronted with a series of “ living fossils, which present m with a 
picture of at least one phase of early arian life not far removed 
from the very earliest or dinosaurian. 

Tlie question whether flight has been lost or not seems, unfortu- 
nately, to have loomed too largely in past speculatioiia, obaemring 
other and more importpmt evidence baamg on the hsstoij of this 
interesting grmip of turds ; but, at amj mte^ it seems soctienmly 
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difficult to i*ee how the mere loss of flight or the mere diminution 
•of the fore-arm, a diminution not unknown in the Theropodous 
dinosaurs, apart from any question of fiitrht, could have possibly 
had the effect of leaving in its trail so many structuml sequelie of 
a primitive character as occur in the Struthiones. 

Finally, I might add here that it seems to have been generally, 
if not universally, held that most flightless birds lost their ability 
to fly in consequence of their restriction to insulated areas of land, 
where, owing to the al)sence of carnivora or other foes, there was 
no incentive to fly in an easy-going existence, flight being 
therefore lost by default. 

It will be noted under the heading of “ The Fore- Limb ** that in 
the case of the Kiwis, Moas, Cassowaries, Emus, and Kocs 
{JKpyornis)^ 1 take an opposite point of view and suggest that 
these insulated areas represent the only place where these primarily 
flightless birds or their fossil remains were likelj’^ to have been 
preserved in any great numbers — that, in a word, they represent 
the last sanctuaries which enabled these relics of a primitive 
fauna to hold out for so long through geologic periods to which 
they %vere not in reality adapted, and that by infeience it was 
only a specialization towards a swiftly cursorial habit of life 
which enabled the Ostrich and the Rhea to withstand the rapidly 
developed carnivorous I'auna of the Tertiary. 

DisTttiBUTioN IN Space and Time. 

lii regarding the struthious group as the derelict remnants of 
?i Proto* Oiiriuate ancestry it seems more than probable that their 
very wide distribution in space and time has too often been for- 
gotten, if not overlooked, while their occupation of restricted 
areas has been greatly emphasized. 

Rothschild (1910), in a paper read before the 5th International 
Ornitliological Congress held at Berlin, expressed the opinion 
“ that the nitite Pala?ognathfe did not begin to develop to any 
large extent until very late, for before the Pleistocene epoch the 
number of species is very small.*’ It seems questionable, however, 
if a false impression may not have been produced by (1) the 
scantiness of fossil records in the main continental land-masses, 
that is to say, in geographical areas other than those marking the 
relics of the ancient “ Antipodea ” and “ Lemuria,” where absence 
of cftrnivora ma}" have contributed in no small degree to the 
abundance of fossil remains actually found ; and (2) the depression 
undergone V)y land areas formerly corresponding to the more 
extensive distribution of such forms as the Emu, Cassowary, 
Moa, and Kiwi, a depression which led to a large degree of 
isolation with coiiseciuent specific diversity on a large scale or, as 
in the case of Moea, to great overcrowding, passible hybridization, 
and wholesale extinction. 

But in any case we have undoubted evidence of Paleecgnathine, 
if not actual^ struthious, forms existing as far back as the 
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Eocene and onwards, so that as regards at least the later Miocene 
and early Pliocene there is enough fossil evidence to make it a 
matter of certainty that the Ostrich ranged from the Mediter- 
ranean basin as far eastwards as China, and as far north as 
Mongolia with a probable southerly extension into 

Africa, whose exact limits at that period have yet to be defined. 
There seems no doubt, in fact, that the Paheognatlue have over- 
run the earth since at least Eocene times, while a comparative- 
study of the osteological features characterising its far-flung 
component groups renders it almost certain that their history 
antedates that period by a very considerable time. 

It may be useful, therefore, to give a short epitome of the 
present and former distribution of such strulhioiis forms as 
ate known. Starting with the present epoch we have the Rhea 
distributed over a very Inrge part of the South American conti- 
nent, two well-differentiated genera {Hhea and Pieroaiemia) and 
at, least three species being met with. In Africa we have four 
species of Ostrich ranging over practically the whole 

extent of the continent with the exception of the forested 
equatorial zones; while a subspel^s of the Northern Struthio 
cmnelns is still found in the Syri^ and Arabian <lei»ertvS. If, 
too, we a]>peal to hi.storical records (Yule, 1921, ii. p, 437) tliis 
area of (listribution of the Ostrich can almost certainly he 
extended to Persia, Turkestan, and the Persian Gulf, tliough very 
doubtfully indeed to India. 

Another widely ranging group is the Casuarii, occupying 
almost the whole of the Papuan subregion and Australia. 
Of the genera represented, Caguariiis is confined to the Papuan 
subregion and North Queensland, and of this single genus 
Lord Rothschild has recently defined no fewer than sixteen 
species and seventeen subspecies. Drovicetis^ on the other hand, 
with three species, is confined to Australia and Tasmania. 

Passing over to New Zealand we meet with the interesting 
group of Kiwis (Apteryges), which there seems good im.son to 
think must have formerly had a less restricted area of distribution 
than at present, since the Kiwi, in the probably more generalised 
form of Metapteryxhifrom (De Vis, 1891, p. 448), has been found 
fossil in the Pleistocene of Queensland ; while coming within the 
scope of historical times we get the Moas (Dinornithes), which 
have been subdivided into seven genera, Dinornia, Megalapteryx, 
AiKmialopteryXj Cela, Eineiis^ Pachyorma^ Pcdoeocaatmriua. and 
many species. Most of the fossil material relating to the Moas 
has been derived from either recent or Pleistocene beds, but 
Anomalopteryx has been found in deposits said to be Pliocene, 
while two or three papers have been written describing fragments 
of Dinomia bones found in New Zealand in deposits older than 
those in which they usually occur (Forbes, 1891). 

Finally, we come to the Rocs (iSBpyornithes) of Madagascar,, 
which may reasonably be considered to have survived to well 
within the age of Homo aapiemf and probably to within the 
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historical peiiod. Three ^eiiera, ^Epyorms, M Hllero 7 'ni 8 , auci 
Fkicoartia, have been describeil. of which the iirst is distinguished 
by Iniving laid eleven species referred to it, so that, as in the case 
of New Zealand and the Moas, there can hardly lie a doubt that 
Madagascar represented a last stronghold or sanctuary for the 
remnants of a formerly more widely-ilistrihuted and continental 
species. Judging from the wing-hones ^Epyornia may have been 
a slower-moving bird than so that on the invasion of tli€^^ 

Afr ican continent by its present tauna it seems (ionccivable that 
it found conditions altogether t«)o ad\c*rse, conditions which did 
not (^xist in its last insular retreat. Its h*gs also were thick and 
lieaxy, so that probably they wen- an adclitional handicaji in a 
stiugirle against an invading carnivorous fauna. 

While, therefore, it seems probable that SU^nthin was derived 
from a Kurasian source ( Pikermi and Siwalik fauna ). and that it 
iinailed the African (‘ontinent along with its fn-esent mammalian 
fauna, it may have takcai the place of the ^Kpyornithes. of which 
tlie la>t iMunnant, almost hleraliy tom fioni the continent, was- 
prt»ser\cd in ti»e shriidving mass now known as Madagascar, it 
is ti‘u<», of c(mrs(*, that there is little or no actual fossil evidence 
to siifiport the idt‘a that, the /Kpvfu-nithes inliabited Afiica liefore 
the advent of Strnihio^ so tliat the above suggestion is purely 
conjectural. Nevertlieless. the strt>iigly mineralised fragments of 
tlie huge struthious egg (h‘scrihed by Andr('ws (lillO) as 

7 'itifischihU \\\)\\ w'k^W have been .‘Kpyoi rjithine, especially 
if, as suggested by Andnnvs, they had oi iginally been brought up 
from a well of coiisiderabh* depth near winch they w’cie found 
aliout twenty miles east of 'I'ouggourt in Soutliern Algeria. So 
much, then, for a biief levicw^ of the distribution of the 
‘’Ostriches” in rucent times. 

If, now, %ve emleavonr to get a view of the past history of 
the group we lind the iiUtea ilescrihed from fossil remains in beds 
which have I>een detM inined as Pleistocene and Pliocene, as, for 
example, /iV/m /h.s,sn7/^ ( Aiuegbin<», 1891, p. 448), Ikhea sithpam- 
pe.ana (Moreno IMercerat, 1891, tab. xx.), and 
dahhenel (Hoveret-o, 1914, jk 1G9). 

As regards tlie Ostrich, eggs have been found fossil in »South~ 
east liussia and Nortli-east CMiina belonging t o a form consideralily 
laiger tlian Strnthio, known as StruthioUtkm c/tersmiensis 
( Hraiidt, 1873): also in the Fayiim region of Ixiwer Egypt ; in 
South and East Algeria, all in strata which have been regarded 
as Pleistocene; wliile Pere Teilhard de Chardin (1926) has found 
fragments of ostrich eggs beneath the hearths of Palaeolithic man 
in Ordos (Chooi-tong K’eon), China. 

In the Hipparion beds in the island of Samos the ostrich 
occurs in a form known as karatheodoris (Major, 1888)^ 

in the Siwaliks of North India in beds slightly more recent it 
occurs as iS'tnUhio a$iaticiC8 (Milne-Ed wards), while Mecquenem 
(1918, p. 54) has recorded fossil remains (phalanx) from 
Maragha (Persia) in strata of the same age as those in Samos. 
Paoc. Zoon. Soc. — 1928, No. XIII. 13 
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J. G. Audersson (1923, p, 71) hfts recorded that Dr. Wiman reports 
finding the pelvis of a large ostrich among material from the 
Hipparion beds at locality 30, T’ai Ohia E!on, in North-west 
Shansi on the Yellow llivei* (North-west China), Finally, 
11. C. Andrews (1926) reports finding both Pliocene and Pleisto- 
cene remains of St^mthiolithus** in Mongolia, north of the Altai 
MonntJiins, thus apparently confirming Andersson s records for 
Northern China. 

Coining to the Upper Eocene we liave fragments of the distal 
end of the tibio-tarsus of an “ Ostrich ” from the Fayurn district 
of Lower Egypt described by Andrews (1904, p. 168) under the 
name of Erernopezus eocanus. In passing we would call attention 
to the following interesting note made by Andrews in his 
original description of this ancient “ Ratite” form : “ .... it may 
be remarked that the existence of a true Ratite so long ago as 
tlie Eocene makes it at least possible that some of the main 
groups of the Katita* may have had a common ancestry and are 
not the remits of separate ret?*og7*essive modijicaiimis leading to the 
.loss of flighty with the various correlated changes.** (Italics mine.) 

A few lines furtlier on, however, he goes on to say : “ There 
is, howev^er, another possibility that must not he lost sight of, 
and that is that after all Eremopezus may he merely another 
instance of retrogressive modification leading to the loss of flight 
and increase of bulk in a group of carinate birds such as has 
occurred in the case of the Stereornithes^ the (Mastoi'nithes, and 
probably in most of the early so-called Ratite birds.^’ But, we 
may ask, can this he reconciled with his remaik upon the 
generalized nature of the fragment of the tibio-tarsus found 
(p. 170), where he says comparing this specimen with the tibio- 
tarsus of the other Ratites, it may he said that to some extent 
it combines the character of several of them,’' as, for instance, 
Rhea, jEpyornis, and Strnthio ? Moreover, as he says, it seems 
clear that this bird differs widely from the other Ratites and 
ceHainly from any of the Carinatae. 

Passing to Basal Eocene deposits we find Gasiornis (Hubert, 
1855, p. 579) in hotli the London and Paris basins, but whether 
this a truly struthious form, some more generalised Palmo- 
gnathous forerunner, or some primitive form on an independent 
CO- lateral line seems to be open to doubt. Dasoimis londiniensis 
has also been described by Owen (1869, p. 59) from tlie Basal 
Eocene of the Isle of Bheppey,and whose “ coracoid is 

essentially of the Ratite type,” by Lemoine from the same horizon 
in France (Camay). 

Another fossil relic whose reference to this horizon is, however, 
iloubtfully established has ah*eady been referred to as the foi‘in 
described by Andrews as Psammornis rotlischildi from fragments 
of what once must have formed part of a huge egg comparable in 
size to those of Mpyw*nis* 

Passing eastwards again we find that several species of fossil 
Emus have been discovered in Australia in strata described as 
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Pleistocene or recent, JJrommis patricius (De Yis, 1888, p, 1290, 
pL xxxvi.), J), gracilipes (De Vis, 1891),/>. qiceenslandim (De Vis, 
1884. p. 27, pis. iv. v.), while of the Cassowary group we have 
the following : Canuarlus sp., obtained from Pleistocene deposits 
in New Bouth Wales and de.scribed by Lydekker (1891, p. 354), 
and /fppselornifi sivnlensis^ described by t lie same author (1891, 
p, 354), from tlie Pliocene of the JSiwalik Hills in North-west 
India. 

TJien we have two gigantic forms of a group Dromornis which 
was probably allied to the (Justiariince, These were respectively 
described by Owen (1872, p. 082) and hy Lydekker (1891, p. 356) 
from the Pleistocene of Queensland and from auriferous deposits 
at a depth of 200 feet in strata described as Pliocene. 
Finally, another form, known as Gein/ornia neirtoni and described 
by Stirling and Zietz (1896), is recorded from the Pleistocene 
of South Australia. 


Summary of JJiatrilmtion, 

With tlie possible exception of lUmiorniSy Da^ornis^ and 
UttBlorniH all the forms mentioned in the above review seem to 
be definitely deserving of inclusion among tlie Btriithiones proper. 

It is only comparatively recently that we have begun to realise 
that the present distribution of the Ostrich (Strathio) by no 
means corresponds with its former areas of distribution, and the 
same applies to a le&.s obvious extent to other groups of the 
Btiuthiones, For example, the fossil record is proving more and 
nmre tlefinitely and surely that even as lately as Palceolithic 
times the Ostrich exist,ed in China, its remains having been 
fouml ill the hearths of Palaeolithic man. 

(:Joing still farther back to the Upper Miocene, its former area 
of distrii>utiou apparently stretched westwards from China to the 
Mciliterranean in a probably continuous belt or zone, which 
<*oiTespoiided with that of the llipparion fauna with which, doubt- 
less, it associated, ju.st ns the }>resent-day ostrich does or did with 
the aiiteloiH»s of the Bouth African fauna (text-fig. 1). At this 
period tlie African continent, in whole or part, may or may not 
have been populate<l witli the struthious ancestors of the present- 
<lay Ostrich. Later on it was to be invaded, along with its present 
mammalian fauna, by Struthio, At any rate, it is certain from 
fossil evidence that in the Low^er Eocene period some generalised 
form of Ostrich lived somewhere in the area now known as the 
Fayfiui district of Lower Egypt. 

This wide distribution both in time and space, the success in 
migrating from one wide area to another, seems to negative the 
possibility of Siruthio being a degenerate carinate. When, too, 
in oiidition, we reflect that from n survival point of view all the 
other far-flung w’orld-wide struthious groups have been nearly 
equally successful and that they have undergone almost precisely 
Ahe same series of so-called “degenerative changes” in their 

13 * 
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make-up — that is to say, howev^er widely separated by oceans, 
they exhibit almost identical and unmistakable morphological 
characters of a nature obviously primitive, we may well pause to 
ask if their true status in relation to the other avian orders has 
not been misinterpreted (see also p. 242). 

Text-figure 1. 



FIG. MAP TO ILLUSTRATE PAST AND PRESENT 
DISTRIBUTION OF THE OSTRICH 


An enumeration of actual specific forms comprising the known 
living and extinct forms of ‘Hrue Ratite Palttognathse is given 
by Lord Rothschild (1910, pp. 150-155), and is no less impressive 
than their distribution in space and time, amounting as it doea 
to ninety-one, exclusive of subspecies. Lord Rothschild’s true 
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Kat.ite Palaeogiiathne is, for «11 practical purposes, identical with 
iny Struthiones, and i<. is necessary to once more seriously ask 
ourselves if such a fornndahle toll of specific forms can be 
reconciled with the idea of a degenerate assemblage. 

The Pterylar Coat. 

Nitzch (18(57), Miss Lindsay (1885, pi. xliii. figs. C tfe 7), 
.1 cilery Parker (1891, pp. ‘15, :$i5), Pycraft (1898, pp. 150>-162), 
and others, have dcscritied the pterylar coat and its apteria in 
the Struthiones, and 1 do not propose to occupy much space in 
going over this ground. Since, ln>wever, the observations of most 
of tliese writers may have given the impre.ssion that the once 
prevailing idea Unit the feathers in this group of birds are evenly 
distributed over the body in what is practically a continuous coat 
is not one in acconlarice with facts, 1 take this opportunity to 
state tha.t my studies of embryos have led me to the conviction 
that tlie old idea is the more correct one. 

It seems indeed difficult to avoid the conclusion that the 
}>torylar coat of the flightless Struthiones represents a primitive 
generalised pliahe of the Xeognathous coat with all its detinitely 
coiitra.sted fenther-trnets ami hare spaces. 

Pycratt (/. c. pi». 150. ot seq,) has stated that the description 
of the feat her- tracts in 1 he Struthiones is most easily accomplislied 
by an enumeration of t he apteria or hare spaces. When, however, 
one comes to analyse his descrijition of these and, by a sort of 
inverse process, the corresponding pterylic (pp. 150-162), the 
apteria resolve themselves intothi'ee, viz., a spinal, a inesogastric, 
and a lateral trunk s[nice—-lp<. spinale^ Apt, mesoffastra'i, and 
Apt. latprale — while practically the only featlier-tract enumerated 
is the Ptert/Ia ala\ 

1 havt^ examined tlie jdeiylosis of all the existing Struthiones 
in embryos taken fiom tlie egg, and my conclusions are as 
follows: — 

1, Apt, sphiale . — In Dramceas^ Cti^uarius, and Apteryx there 
is not the faintest indicat ion of any apterioii at all. In Struihio^ 
from the level of the head of the humerus jiosterad to the level 
of the head of t he femur, there is on either side of the mid-line 
(spinal ridge) an indication of aii a pterion, which might be 
<le.scribed as the first beginnings of the liare space. In J^hea there 
are two extremely narrow apteria — an anterad and a posterad— * 
on either side of the mid- line covering much the same extent but 
separated, as Pycraft has rightly |iointed out, by an area in which 
the feathers overlap the middle line. 

The above arrangement is just what one might have expected, 
for I>ram<mSi Casuariue, and Apteryx ai-e in other respects more 
primitive than the more specialised and Rhea, 

2. ApU Me»ogaetrmi,---Xs its name implies this so-called 
apterion is situated on the mid-line of the under surface of the 
body. In Dronueua^ Casuariusy Strutkio, and Rhea it represents 
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to my mind nothing more than the space occupied by the sternal 
callosity in its embryonic phase of development. There is no 
hint of any bare area either antemd or laterad of the margins of 
the callosity, while the posterad extension corresponds to the 
handle of the racket-shaped figure assumed by this structure and 
does not seem to extend further in the embryo than the yolk- 
sac. 

In Apteryx there is the same racket-shaped bare space which 
possibly marks a once existent callosity. 

3. Apt. trunci laAerale . — This is not, to my mind, a very fortu- 
nate term to have applied to the apterion concerned, for it 
represents in the embryos of the struthious forms enumerated 
above the under surface of the wing, which is absolutely 
devoid of feathers, and a corresponding bare 8{)ace on the 
trunk, which 1 think might more happily be described as the 
axilla (<?/*. PI. L). 

In nearly all the papers which I have consulted on the subject 
of pterylosis the impression seems to have been conveyed that 
it is only in Struthio that the under surface of the wing is 
absolutely bare of undei' wing-coverts and feathers. I find 
that in the embryos of J^roniceus^ Casttarivs, and Apteryx it 

is also bare, even in <juite well-developed embryos, and this 
equally in Rhsa^ in which it is commonly said that there is one 
row of under wing-coverts represented, a statement which is 
only true so far as the adult is concerned. Every other part of 
the body, w'hether head, neck, legs, or trunk, in all these embryos 
which I have enumerated, is for all pmctical purposes one uniform 
coat of feathers ; and the conclusion which it seems legitimate to 
draw is that the pterylar coat of the existing Btruthiones repre- 
sents a primitive covering which existed in birds in general before 
the acquisition of flight. 

Moreover, a study of the so-called feather-traots an<l bare 
spaces (where they exist) in the embryos of the Btruthiones seems 
to render it obvious that their arrangement or evolution has not 
advanced to a level, or even along lines which can be said to be 
in any way conqmrable with the degree of development or 
specialization, attained in a corresponding stage of growth in the 
modern Neognathce, whether volant or non -volant. So that, 
even if in some of the Neogna-thsB, as for instance in the ducks, 
divers, and auks, we allow that the arrangement of the pterylar 
coat is of an especially adaptive chamcter, it seems impos.sible to 
resist the conclusion, firstly, that the Neognathine pterylosis is 
one which has been evolved in obvious correlation with the 
function of flight; while, on the other hand, we have in the 
PalflBOgnathss a primitive generalised or simple method of dis- 
position of the contour feathers in which it seems impossible to 
observe any such connection with this function. 

It seems, too, equally difficult to regard the undifferentiated 
homogeneous feather coat of the Struthiones as degenerative in 
the sense that the ancestors of the ^^ratite ” forms possessing it 
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would have originally exliibited a more specialised pterylar tract 
system adapted to the function of flight, for had they done so it 
seems probable that we shoidd have had presented to our view in 
the flightless Strut hiones of the present day some remnants or 
evidences of tracts homologous with, or even analogous to, the 
tracts with wliich we are familiar in the Neognathce. But of such 
remnants there does not appear to be the faintest evidence. 

A further word must be said about another striking peculiarity 
in the pterylar arrangement of the flightless Struthiones, a point 
alluded to above, viz., that this group diffei's from the Neognathae 
in having the under surface of the wing entirely naked in the 
embryo. 

Wray (1887, p. 353) has pointed out the strong probability 
that in carinate birds one or two rows of under wing-coverts have 
migrated from the dorsal aspect of the wing, where they vrere 
originally situated, and this supposition is supported by the fact 
that during the growth of the embryo the two hindermost rows 
of coverts are pushed round from the tlorsal to the ventral aspect 
of the wing, carrying with them a fold of skin at the same time. 
Thus, in the embryo bird, as Wray points out, the feather 
rudiments first appear on the dorsal aspect of the wing, so that 
the naked condition of the under surface of the “ struthious 
wing would appear to represent a very early phase of avian 
development ; or, as Wray again suggests, the adult Ostrich's and 
Rhea's wings are survivfds of the above-mentioned trarisition 
stage of the avian wing and have probably never beeii used for 
flight, having undergone special modifications of their own. 

Pycraft (1898, p. 170), on the contrary, explains the naked 
under surface of the Paheognathous wing as being a secondary 
feature due to the supj>i*es.sion of the feathers by the long con- 
tinued application of the wing to the side of the body, having 
apparently overlooked the fact that the Ostrich and Rhea b»irely 
move a yard, however slowly, without an associated uplift of the 
wing, and that the application of the wing to the body is no more 
continuous than in such a bird as a Rail or a Partridge, if indeed 
as much. 


Feather Structure. 

It is, however, when we come to a study of the actual structure 
of the feathers in the struthious chick and adult that we are 
struck with the full force of the conviction that we are dealing 
with a primitive and not a degenerate condition. Perhaps the 
most obvious feature is the complete absence of any pennaceous 
structure of the wing, tail, or contour feathers. This condition is 
constant in the genera Dmomie, Apteryx^ Drommis^ Casmtrine^ 
SiTXhikiOy Rhea^ and Pterocnemmy a fact which 1 have verified for 
myself by microscopical examination. Thus this chai'acter, by 
which is meant that there is no adhesion of the barbs and bar- 
bules to one another to form feather vanes, sharply differentiates^ 
as has been generally admitted, the Palieognatbous feather from 
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the Neognathous. What, however, does not appear to have been 
80 generjilly realised by such well-known writers as Jeffery 
Parker, Gadow, Pycraft, Beebe, Duerden, and others is that this 
complete absence of any interlocking mechanism is correlated 
with a corresponding absence of the teleoptylic or final phase of 
evolution of the feather chai-acteristic of the Neognatha?. 

In the absence, therefore, of the final or teleoptylic phase of 
feather evolution characteristic of the volant wing, it is obvious 
that vestiges of hamuli and barbicels, so often alluded to by 
authors, cannot possibly be present, a point which by itself 
alone seems to indicate that these authors do not appear to have 
fully realised the fundamental difterence which distinguishes the 
Palaeognathine from the Neognathine feather in the adult phase. 

So far as I have been able to gather from a perusal of the 


Text -figure 2. 



■a. Down barbule, diagrammatic and greatly enlarged. A?ter Chandler. 
h. Dintal barbule of a teleoptylic feather, diagrammatic and enlarged. After 
Chandler. 

To allow the difFerence in structui*e, and division into base and pemiulum 
with filu (pr.) and booklets, etc. 

literature of the subject, Chandler (1916) appears to be the one 
apparent exception who has definite doubts as to the secondarily 
derived nature of Paljpognathous plumage, for he says (p. 287); 
** If the contour feathers of Ostriches are noi derivatives of 
pennaceous feathers, then Ostriches are not descendants of flight 
birds and their sticking primitive diameters need not be looked 
upon as secondarily acquired. The absence of plumules, filo- 
plumes, and aftersliafts, the even distribution of feathers over 
the entire body and the similarity of the neossoptiles to the 
teleoptiles, as well as the general form of the barbules, all suggest 
the possibility of the Ostriches not being denved from birds 
with pennaceous feathers and therefore not from flight hirds.^’ 

At any rate, I think it will be obvious from the evidence 
adduced Mow that this absence of pennaceous structure in the 
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Htrutluoiies is not due to any degeneration, of which there does 
not appear to be any indutatioii, hut to the fact that in the 
evolution of the Pal aeogna thine feather tlie final phase of the 
modern carinate or Keognathine feather was never attained. 
What, in a word, seems to have luippene^l was that evolution got 
no further than a stage wliich corresponds to the downy prepennal 
phases seen in the chicks or juveniles of carit)ates, except that in 
such genera as Slruthio an<l Nhea there is a degree of specialisation 
of the downy structure which sur[)asses what occurs in the 
other struthiouK genera. It is obvious, moreover, that the 
striithious harbule, whether specialised or generalised, regarded 
from the point of view of a volant structuie entirely missed its 
mark, ami, in fact, in its specialised form might well be regarded 
as having proceeded on an independent side-line. For instead of 
a condition of fc^athering in which the barbs or rami are arranged 
in closely adprossed parallel rows and with harhules higldy 
specialised for tlie purpose of maintaining a close interlocking of 
their constituent parts, as in the remiges of any flying carinate 
bird, we have wliat is recognised as a “discontinous ’’arrangement, 
not only of the barbs or rami but of the harhules or radii. More- 
over, in these latter we have, as has just been indicated, either 
(1) a more generalised or primitive phase in which, wliether t.he 
biirbiile is taken from the chick or adult (or from whatever part 
of the body, wing, or tail), the structure of the base and pennuluin 
differs in no essential, or even noticeable way fiv>ni that obseived 
in the harbule of any normal down feather — a condition of things 
which I have noted in Apteryx^ Drom(tiis^ (\i8uariits^i\m\ Dittoniis 
(no feathers of the chick of this last are known), or, on the other 
hand, (2) a more specialised condition of this downy structure as 
in StnUhio or lihea. 

As regards category 1, a glance at the accompanying text- 
figures (3, 4. and r>) seems to he all that is necessary to ap]>reciate 
the actual structure of the harhules in the s(»veral groups. 

As regards category 2, in SirtUhio the harbule again presents 
no essential difference in structure in chick or adult or from 
whatever part of the body it may have been taken. Instead, 
liowever, of liaving tlie normal histological features of a down 
barhule the individual cells or nodes liave been obviously developed 
or specialized, so that under a low ])ower (text-tig, GHhe harbule 
appears as a narrow, flattened, riblKin-like structui^e wliich has 
apparently undergone a considerable amount of keratin isation. 
In the adult this latter process has so affected the base that the 
individual cells have largely lost their identity, but towards the 
distal end or pennuliim the cell structure and fila (nodes and 
internodes) are easily observed, A reference to the accompanying 
text- figures (6 and 7) will, it is believed, make these points clear 
without further wearisome description ; but a special point to be 
noted here is that harhules, whether belonging to the proximal 
or distal row, are of equal length and spring from the barb at 
exactly the same angle and level. In other words, they have 
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just the same disposition as is to be noted in the barbules of 
a down-like feather. Their discontinuous arrangement is also 
obvious. 

Anothei’ important point to be noted concerns the fila springing 
from the cells towards the distal end (peniiulum) of the struthious 
barbule (c/. text-fig. 7). Whatever opinion w'e may hold as to the 
potentiality orh/inalh/ possessed by these fila to develop into the 
barbicels or booklets (hamuli) characteristic of the volant 
armature of the carinate feather, one thing seems to me almost 
beyond dispute, viz., tliat they are not degenerate or vestigial 
structures. Pycraft (1898, p. 167) has, on the other hand, 


Text-figurti 7. 



Ostrjcli iStmthio). Harb from adult reiiiex showijjg (rr) bust's of barbuleu springing 
from barb, much keratinized, h, and c. Details ot’pennulum showing nodes 
ami fila. All greatly enlarged. 

described the distal end of each barbule or radius in the Ostrich 
-as beazung fila disposed as in normal Neognathsp, but none, lie 
says, is sufficiently elongated to form booklets, cdtkough they are 
probably vestiges of these (italics mine). 

Apart, however, from what has been stated above, a comparison 
of the structure of the distal end of the struthious (Strutkio) 
barbule in the chick and adult seems alone sufficient to refute 
the view that these fila are vestigial barbicels or hamuli ; for 
although I have already said thaty*so far as essential features are 
concerned, the barbules of young or old are not to be diffiereu* 
tiated, it is apparent that there is a sufficient advance in 
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development of the distal cells in the transition from the chick 
to the adult, as there is also in the diliereiitiatioii between the 
structure of the base and pennuliim. Jt comes, in fact, to this, 
that these down-like fila on the <listal end (pennulnm) of 
the Ostrich barbule are no more to be l egarded as vestiges of 
barbicels with their hamuli than are the lila of «any ordinary 
down barbule. Moreover, the barbnies are themselves uniformly 
and I’egularly diNContinuous, as they art* throiigiiout the whoh* 
group, so that even if hamuli and liarbicels ha<l been originally 
present it is diflicult to see how they could possibly laive 
functioned, or how and why barbulea fi'oiii Ix ing conti!iuous could 
or should have become discontinous. Even in the dovvn-Iike 
Vjarbules of Diiiornis^ Apteriix^ Dronht^ns^ and Casuarius there 
seems to me an indication of an evolution se in an u])\var<l 

direction towards a more and more specialised ; tructure ; at any 
rate, in tracing a series in rhe order named tliere is no evidence 
of any ♦legenerative process, so tliat there seems to bt* no ('sca|)e 
from the conclusion that the lila and cells which go to make up 
the distal end { pennuluin ) of tin* strutliions barbule, far from 
being (h'generate or rt‘trugressive vestiges of the carinate cilia or 
hamuli and tlieir aj)propiiate cells, arc simply the modilied or 
specialised fila and cells of the original down-hUe barbule. 

On tiie other baial. s() far as my studies ha\e led me, there is 
no flightless strutliions form in which the barbules, whether 
taken from the chick or adult or from whatevm' part of the bird 
— wdng, tail, or body -even approximate in structure to the 
similar bai bides of a volant carinate form, w hile 1 iloubt if they 
could conceivably be taken for anything else than a down barbule 
either simple or specialised (c/l text-figs. 2 7). 

To regard the strutliions barbule as a. i*etrogrossive derivative 
of the volant carinate bai buh* seems not only unjustified by the 
evid(*nce, but the fact that it has been generally so regarded has 
led perhaps more than anything else to what I believe to be a 
complete misconception of the past bistoiy of these, the most 
primitive living birds. 

There are other points which go tt) substantiate what has 
already been sai<l, for example; — 

1. In the Htrutbiones there is no essential difference between 
the structure and armngement of the nestling and adult barbs 
and barbules. The only exception that 1 have been able to dis- 
cover exists in the Rheas, in which the barbules of the wdng- 
feather of the chick are more definitely down-like than in the adult, 
although not so purely down-like as in a, form like Apteryx^ while 
in the barbule of the adult Rhea there is a considerable degree 
of specialisation leading to a condition of feather structure which 
neither appimimates to down nor to the carinate barbule, but 
reflects in some degree certain details of the discontinuous barbule 
to be noted in the contour feathers of carinates in the juvenile 

f ^hase (c/- text-flg* 8), In the Rhea, therefore, we appear to 
lave a condition of evolution of the feather more advanced 
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than in all the other struthious forms. In the Ostrich, on 
the other hand, over-specialisation seems to have put the 
barbule definitely out of court from the point of view of any 
chance it may have had of developing into a volant barbule. In 
Dinornis^ Apteryx, Ihomcem, and Caauarius we may still see it 
in its primitive down-like form. 

2. As has been incidentally referred to above, it is now recog- 
nised that the barbules of the struthious barb differ from those 


Text-figure 8. 



Mhea darwini. a. Barb of adult romex abowing highly specialised barbules. 
b. Barb of chick, showing less specialised barbules. Greatly enlarged. 


^of the Neognatlue in the important fact that the distal and 
proximal rows are of equal length and spring from the barb at 
-exactly the same angle. The specialised barbules of the Ostrich, 
for example, from whatever part of the body they are taken or 
whether examined in the chick or adult stage, spring at exactly 
the same divergent angle on either side of the barb and at the 
same level. It seems inconceivable that such a simple arrange- 
ment which exactly reflects that of down could have been derived 
from the highly specialised arrangement present in the volant 
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feather. They are, too, of equal length. A close examination 
of the bavbules in the ad ult Dinornia^ Apteryx^ Dronmus^ and 
Caauarius discloses just the same conditions ; but in these forms 
the structure of the barbule is so purely down-like that it seems 
difficult to believe that anyone could seriously hold the view that 
it is a secondary effect of degeneration from a previously volant 
phase. 

3. Finally, it may be stfited here, [is has already been noted by 
others and confirmed by Chandler, that plumules jtnd filo- 
plumes are conspicuous by their absence in all the existing 
8truthioiies. It therefore follows from what has been said above 
that the only type of feathering that we are left with is a pre- 
pen nal dow’ii-like plumage, for as the Ostrich and the other 
struthions nestlings have essentially, if not exactly, the same 
type of barbule ns is to be noted in the corresponding adult, it 
follov^s that the feathers of the latter are nothing more than 
simple or specialised down barbules. 

Strange, therefore, as it may appear, all the feathers borne by 
the adult Ostrich or by any other struthious form, whether 
they are situated on the wing, tail, or body generally, are nothing 
more than down, or modified down. 

'Fhere is not the slightest evidence of a Teleoptylic phase of 
feathering comparable to that seen in the carinate flying bird, 
so that to regard the struthious wing-feather as secondarily 
derived fronj a proto-carinate volant feather, oi* in any way as a 
degenerate structure, seems to me completely unjustified by the 
evidence. 

Duerden (1920, p. 626) takes the view^ that filoplumes are 
degenerate penna'. As tlie general opinion of all authorities 
who have studied the pterylosis of the Struthiones is that 
filoplumes are not to be found in this group, this would seem to 
explain their absence, since, as we have endeavoured to prove 
above, pennaceous pennae or teleoptiles are completely unrepre- 
sented in this group. 

The Aftershaft. 

The conspicuous aftershafts in the adult Emu and Cassowary 
are too well known to need description here. Aftershafts are 
also present in the young of both these birds. In Strnthio and 
lUtm they are not present, at any rate in the adult Struthio^ 
although I believe there is good reason to suppose that there are 
signs of their presence in the chick of this last bird (see also 
below, p. 208). Apparently the presence of a not very conspicu- 
ous aftershaft in the chicks of the Emu and Cassowary led to the 
almost universal acceptance of the opinion that the aftershaft is 
not a primitive feature, but has been secondarily acquired in all 
birds. 

Professor Cossar Ewart (1921), however, in an extremely 
interesting and very illuminating paper on ‘‘The Nestling 
Feathers of the Mallard^ with Observations on the Ooin{>osition, 
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Origin and History of Feathers," has, 1 think, conclusively 
demonstrated that the aftershaft is a primitive feature. He says 
(p. 627) : — “ The chief reasons given for regarding the aftershaft 
as an accessory and secondarily acquired structure are (1) that 
the aftershaft is developed from a forward elongation of the 
calamus, and (2) that the tip of the aftershaft of the new feather 
is never attached to the calamus of the fcatlmr about to be shed 
— that, for example, in the Emu the tip of the aftershaft of tlie 
feather of the second generation is from first to last free." 

“ If," he goes on to say, “ 1 succeed in showing that the after* 
shaft, like the shaft, grows from apex to base and is completed 
before the calamus is formed, and that, during development, the 
tip of the aftershaft is connected with the calamus of the feather 
about to be shed — is, in other wwds, for a time attached to the 
old feather — it may safely be assumed that the aftershaft is a 
primitive feature, and that a complete true feather (penna), like 
a down feather (pluinula), consists of two shafts or blades,” In 
point of fact, Cossar Ev^art not only proves this, as I think every- 
one who reads his paper will agree, but be demonstraU\s that the 
protoptile of the Emu, which has been often assumed to have 
“ no distinct aftershaft,’’ not only has a very definite one, but 
tliat the two following generations of feathers are provided witli 
aftershafts us well, and that they are de\elopmenfally in con- 
tinuity one with the other (c/. text-fig. 11, p. 622, t. r.). 

The facts brougl)t forwanl by Cossar Ewart in (connection 
with the developmental history of the aftershnft are extremely 
interesting as bearing on the generally admitted view' that the 
Emu and Cassowary are more primitve in their characters than 
the more specialised Hhea and Ostrich, while sis regards the old 
view of the secondary nature of the aftershaft, it has once more 
l^eeii shown how apparently jierverse have been the views held in 
regard to so many of the characters of the Pala*ognathfe, 

I might add that in the Tinamous the aftershaft in the chick 
is as long as the main shaft, while in the adult it is very short 
or hardly visible, a condition which, in view*^ of the fact that 
Tinamous fly, may possibly be regarded as secondary. 

In the Tinainou chick tlie distal ends of the aftershafts of the 
dorsal feathers have a clumped arrangement and a silvery or 
paper-like apparance, the result being that an effect is produced 
which closely approximates to the long papery spear-like shafts 
seen in the protoptiles on the dorsum of the Ostrich chick. This 
latter curious modification in the Ostrich chick is, so far as I am 
aware, unique in the protoptiles of the chicks of other birds, and 
from their rather isolated ciisposition as regards the rest of the 
protoptile, which baa an umbellifonn structure, I make the sug- 
gestion here that they may be specialised aftershafts. 

The Question of the Pataoium. 

Jeffery Parker (1892), in his well-known paper on the anatomy 
and development of Apteryoo^ says Another fact which appears 
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to me to tell in favour of the derivation of Apteryx from a pro- 
genitor with well-developed wingH is the fact that the wing is 
provided with a true alar membrane.’* Pycraft, as I have 
previously mentioned, quoted this as an important and convincing 
piece of evidence in favour of Parkei*’s supposition and as if it 
applied in a general way to the Pala*ognatlia^ (cf. I, c, p. 2G0). 


'IV\'t figure 0. 



A, Fore-limb of nestling: Yollow-Haranier {Emheriza citiHnella), inner view, to 

show' patagium {ptg,)* About natural siae. 

B. Fore-limb of embryo Mhea pmnata^ inner view, to show abseuce'of patagiuin. 

Natural sixe. 

I have examined the fore-limb of a specimen of Apteryx oweni^ 
which has been preserved in spirit in the British Museum and 
which, moreover, was in an excellent state of preservation, and it 
exhibits such negative evidence of a pre- or post-patagium that 
if it had not been for Parker’s statement that the wing of a 
perfectly fresh specimen of Apteryx hvMeri was shown in figs. 14 
ik, 15 (pi- 8) of his paper, it would never have occurred to me for 

Pnoo. ZooL« 8oo. — 1928, No. XIV^ 14 
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a moment that a patagium might be present in the specimen 
which 1 have examined. I should have said that there was a 
certain laxity of skin which was a matter of necessity in situations 
where movement of such a structure as the avian fore-limb was 
constantly taking place. This is borne out by Owen, who, as long 
ago as 1840, called attention to the fact that “ the antibrachium 
is retained in a state of permanent flexion by the surrounding 
integument of the wing ; and it cannot be brought by forcible 
extension beyond an angle of 45° with the humerus.’^ I could 
find, moreover, no trace whatever of patagia in other embryos of 
Apteryx similarly preserved in spirit, and not only this, but not 
a trace in the embryos of Struthio^ Bhea, Gasuarius, or DromceuSy 
or, for that matter, in any adult examples. 

The figure of a fore-limb of an embryo Rhea (B.M. 1925,4.10. 
29.31), presented by Colonel Morley Knight, and taken from the 
egg by myself, is shown in text-fig. 9 B, and atteiition is not only 
drawn to the complete absence of patagia, but to the interesting 
row of closely opposed feathers which are, along the pre-axial 
border of the arm (humerus), nearly as well developed as the 
primaries or secondaries (see also PI, I.). This absence of any 
indication of a patagium in the embryos of the Striithiones 
mentioned is a most important piece of evidence, all the more 
so because the patagia in the embryos of flying birds (ns for 
example, that of the Yellow Hammer, text-fig. 9 A ) are so con- 
spicuous. It seems to me to indicate the very opposite conclusion 
which Parker drew and Pycraft adopted. 

The Fore-Limb. 

Degeneration or retrogression in the fore -limb of Ihe 
Strut hiones is, in some respects, an obvious fact which it would 
be idle to deny, although in some cases it seems difficult to 
distinguish between retrogression and specialisation. In any 
case, neither retrogreKsion nor even complete loss of the wing 
appears to me to be any bar to the acceptance of the view that 
the ancestors of this primitive group of birds were not descended 
from a volant stock, and that their present-day survivors repre- 
sent direct line relics of an ancient avifauna which marked an 
early stage in the evolution of the bird from some Proto- 
Pseudosuchian ancestor. 

Flight at this early stage had presumably not as yet been 
attained, and the view taken here is that the struthious wing, 
in as far as it is either retrocedent or specialised, represents a 
retrogression or a specialisation from the primitive generalised 
and non-volant sauropsidan fore limb. This point will be taken 
up again in greater detail in the case of the wing of Apteryx and 
Oastmriv^, In the meanwhile it would also seem to follow as a 
eorollaiy from the above view that the primitive bird was cur- 
sorial, and that a considerable time must have elapsed before the 
pximaiy feather coat, originally in all probability a uniform 
pelage,** had been sufficiently specialised in the appropriate 
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places to admit even of the possibility of or potentiality for flight.* 
It may be further added that the primitive feather and its feather 
papill®, as recently pointed out by Professor Cossar Ewart (1921), 
WAS probably evolved in close association with, but quite inde- 
pendently of, the scales which have been considered to have 
covered the body of the primitive bird ancestor, while there does 
not appear to be the least reason to suspect that the view so 
often expressed, that the original feather was a secondary modi- 
flcstion of the scale, has any basis in fact or of probability. 

The complete disappearance of the fore-limb in some forms 
such as the Moas, or its partial disappearance in others as the 
Emus or Kiwis, has been suggested as an obstacle to the ideas 
expressed above, since it has almost invariably been lield that 
this disappearance or retrogression marks the end of a degenerate 
course from a flying to a flightless phase. It is not denied that 
this retrogression may in some groups be a degenerate pheno- 
menon, although the wings of the Ostrich and Rhea are regarded 
here as representing the probable high-water mark of specialisa- 
tion towards flight reached by the Palaeognathous group as a 
whole (see p. 201). It even seems possible, for instance, that 
these retrocedent wings in certain struthious groups were the 
secondary result of local conditions to be alluded to presently, 
and in some cases may even have been of comparatively recent 
origin ; but the idea which is put forward here is that the 
primitive bird groups in the early days of their evolution, 
jiltbougb possessing feathered fore-limbs, only possessed “wings** 
in an early stage of development in which the feather itself 
had not advanced beyond a prepennal down-like phase, and 
that in some basal groups the evolution of these “wings** 
never advanced far enough to become anything more than 
pseiido-wdngs, a failure of development which may have been 
due to causes outside the wing itself, as, for instance, a failure 
to evolve specialised muscle-groups connected with the sternum, 
or special ossifying centres in that structure, or to other 
physiological or germinal causes. 

It should, moreover, be remembered that in certain Tlieropo- 
dous Dinosaurs {Anchismii^^iSy Ceratosminis, Tyrannosaurus) vre 
can trace a progressive diminution of the fore-limb through 
successive geological horizons, while in Qorgosaurus retrogression 
seems, in comparison with the huge bulk of this animal, to have 
reached a point which verges almost on the ridiculous and is only 
comparable in degree with what may have occurred in the Moas. 
This retrogression or specialisation in the Dinosaurs, it seems 
needless to remark, occurred independently of any question of 
flight. What therefore happened in the case of the Theropodous 
Dinosaurs and Coelurosaurs might well have been reflected in 

^ Owing to ooniiiderfttionft of «yac« I havo endeavoured, in bo far as is possible, to 
avoid involving myself here in a discussion on the origin of flight, and for this reason 
Baron Nopesa^s tbaories and others are not discutaed. 

14 * 
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some of the pi*imitive cursorial birds, and either have been the 
cause of, or the result of, that cursorial mode of life. 

In the bipedal swiftly-running Coeliirosatus {e.y,^ Compsoyna- 
thus, Procompsoynathns^ ^altofius^ and iStruthioinhmiH) it will 
now be generally admitted, as the result of the work of Osborn, 
Wtitson, Broom, von lluene, and others, that there Avas an 
obvious tendency to a develojniu'nt paiallel with and, as regards 
skeletal features, amazingly siinilnr to what must ha\e simul- 
taneously existed in the primitive bird. 

Archaeopteryx^ too, although apparently a long way from being 
on the direct avian line, was, from what Ave knoAv of its skeletal 
characters, certainly a “reptilian bird," or more reptile than 
bird, just as iStmthloniimns^ although developed for a. diflerent 
mode of life, might almost be termed an “avian reptile/’ It is 
not difficult to imagine that the Palaiognathous ancestor Avas 
very similar in appearanee and liabils to some such foim as 
Struihmnimns. 

Broom (1913, p. 030 et seq,)^ in a ]»aper on the South African 
PseudoRUchiay discusses the ancestral relations Avhich he con- 
siders to have existed betAveen this group of primitive re])tiles 
and the Theropodous Dinosaurs on the one hand and birds on the 
other. “In those points,” he says, “Avhere we find the Dino- 
saurs,” and we may noAv I think add the Ocelurosaurs, “too 
specialised,” to have given rise to the avian ancestor, “ Ave find 
the Pseudosuchian still primitive enough.” 

Living side by side, therefore, in Cretaceous days Ave miglit 
have found such a reptile as the Ostrich-like Caduiosaiu — 
Struthiomimus — and the struthious deseit-runiiing ancestor. It 
seems conceivable that only the zoological expert could liave 
differentiated between the Jurassic or Trinssic ancestors of these 
two creatures, fundamentally different as they really were. Yet 
the “wing” of the bird with its scAle-protected downy proto- 
ptyles had a potential power to specialise in the direction of the 
perfect aAuan wing with its full volant armature. 

In the struthious phylum, for one reason or another, this goal 
was apparently never fully attained. As regards featlier struc- 
ture, evolution in their case never seems to have reached a liiglier 
or more specialised level than a simple or modified pre-peiinal 
down. There is no evidence to suggest that the pennal phajre 
was ever reached. 

As has been mentioned above, the wings of the Ostrich and 
Rhea possibly represent the extreme limit attained in the 
Strnthiones towards a truly volant structure. In this division 
it would appear that the wing never seems to have been more 
than a balancing agent and an extra aid to speed in running. 
In virtue of the fact that the Ostrich is even now continually 
attempting to use its wings there seems to be no valid reason to 
explain why it should evei* have lost the priceless gift of flight, 
presuming that it originally possessed such a gift* 

But poor as was the standard of “flight” attained by the 
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Ostrich and Khea they apparently succeeded in maintaining it 
in virtue of the fact that tiiere was always in their case the 
incentive of open wide-spreading veldts, pampas, and deserts, or 
the ever-present danger of carniv^orous foes throughout the 
Tertiary. As regards the rest of the existing Struthionea 
the Emus of the preseiit day are birds of dry open forest, 
the Cassowaries of dense humid undergrowth, while the Kiwis, 
in addition to being nocturnal, inhabit deep and dark gullies or 
thick scrub, where in the daytime they live almost a subterranean 
existence. 

Insulation may have saved the Cassowary and Emu from the 
carnivora of the Eura^ian continents, just as it saved J^lpyornis 
in Madaga>‘car or the Moa in ancient New Zealand (Anti])odea). 

But wliatever degree of special is.ation of the fore-limb com- 
parable to that of the Ostrich or llhea, the Cassowary, Emu, or 
Kiwi may or may not have formerly attaino<l in the direction of 
a pseudo-volant lifting power of the wing, combined with cur- 
sorial speed, it seems at any rate likely that insulation and local 
conditions would have exacted their penalty. Thus, fiom this 
point of view, it might bo liold that the conditions to which these 
last birds were exposed in the later stages of their history, 
whether they took the form of extreme afi’orestation, insulation, 
or freedom fi*oin predattuy foes, would not have provided either 
the scope or thc3 stimulus which would have hocMi necessary to 
maintain whatever standani of etlicieiicy of the wing they might 
have attained. Poor as this standard might have been, oven 
that which tliey had attaincal would have heon taken from them. 

From what we know, however, of the developmental and 
osteologicid conditions ohraining in the forearm and manus of 
ApUryx (Parker, 18112, p, h.’», pi. 17), it seems to me very doubt- 
ful if in the cMse of this form, at any rate, the wingever attained 
(*ven to the standard of utility possesscal by tlic Ostrich or llhea. 
Parker, for instance, figures (1882, pi. 17, iig. 217) the meta- 
carpals of A. h'ldhri^ among several others, and says : “ It is worth 
noticing this is ])rohal)ly the only recordeil exam])le of a fully 
adult rt^cont bird with free metacarpals.*^ In another adult 
example, removed from a skin, he records that the third meta- 
carpal was free. In an embryo of Apteryx ansiraliti the same 
authority found not only a separate radiale idmate and distal 
carpal mass, hut also an intermedium^ an element which has so 
far only been found in Opisthocomm, an extremely primitive 
form and a notoriously very feeble flier. It also seems diflicnlt 
to examine the figures of tlie manus of various species of Apteryx 
which Parker gives (pi. 17, figs. 241-253) without coming to 
the conclusion that we are faced with a relatively primitive and 
unspecialised morphological status, or at least one which it seems 
difficult to reconcile with a secondary degenerative process follow- 
ing a fully volant condition. We seem to have under observation, 
specialised bony changes of the primitive manus which would 
appear to be consequent upon a condition of primary fligbtlessness 
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in a primarily cursorial bird. Had they been secondary to a pre- 
volant condition it is difficult, for instance, to see how we could 
have such a condition as the free metacarpal in the adult 
Apteryx hullen just referred to ( c/. text-hg. 10 ^). 

It jnay well be, therefore, that in Apteryx^ as also in Drommus 
and Casnaruis, the osteological features of the fore~nrm rather 
indicate a modilio<l condition of the primitive llightless wing 


Text-figure 1 0. 



Metacarpalt in the hand of various epec es of adult Ap<eryap, after Jeffery Parker, 
showing a condition ditiioult to reconcile with a previous volant phase: 
compare, for example, the free metacarpal in g. 


than a degenerate phase of a wing which had once functioned as 
a piece of volant tnechanism. In the fore-limb of the Ostrich and 
the Bhea we get evidence of the same primitive and relatively 
unspecialised phase (cf, p. 229 and text-figs. 19, 20, and 21). 

Emphasis may also be laid here on the fact that td\ the 
arguments, anatomical and otherwise, which are brought 
forward in this paper in support of the view that the ancestral 
Struthiones were from the first non-fliers apply with special force 
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to Apteryx, For, if it were true that tlie disproportion between 
the wings and hinder extremities in that form had followed as a 
result of the loss of flight, with a concomitant increase in size 
and bulk of the body, the Kiwis must Imve been originally so 
small as to make the loss of flight wholly inexplicable. In 
ApUryx^ too, the structure of tlie remiges is not only more 
down-like than usual, but is exactly what we might expect in a 
primitive remex, for the calamus and I’achis are exceptionally 
well developed, the barbs are very numerous, and the barbules in 
an early down stage of develoj)ment. 

Again, T do not think it could be denied that the fore limb 
of the Oassovvary, in addition to the obvious degradation in 
size which it has undergone, shows a good deal of speciali- 
sation. If, for instance, the remex of an unhatched embryo of 


"r<*xt-fjgnre 1 1. 



Ajptertfx oiceni (B) ; after Kiichiti Parker. 

Casuarius bo compared wich a gi*eater wing-covert of the 
same embryo, it seems to me pretty clear that the condition of 
the remex is not a degenerate phase of a teUoptylic volant feather ^ 
but a specialisation of the pre-pennal down-like phase, so that 
in the remex of the j^oung Apteryx,, and in the wing-coverts and 
the remex of the embryo Cassowary we can trace successive 
stages from the primitive condition to the highly modified spiny 
wing-quills of the adult Cassowary. The importance of this, if 
my contention is correct, hardly needs to be emphasised. 

It is not possible in a paper like the present to discuss the 
anatomy of the struthioiis fore-limb as freely as it deserves, but 
before leaving the subject I should like to note briefly a few 
points of interest connected with its myology which have come 
to light during my investigations. 
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Bedclsrd (1898, p. 501) puts the total number of muscles in the 
hand of the Ostrich as twenty-three. He says: “It appears, 
therefore, that in spite of the small size of the manus of the 
Ostrich relatively to tliat of flying birds, there is but little 
evidence of degeneration in its imisculature. On the contrary, 
indeed, for it might be said that the wing muscles of Struihio 
are less degenerate, or at any rate less modified, than those of 
carinatea, in that the amount of muscle ns compareil with tendon 
is greater. The complication of the conjoined tiexores digitorum 
is highly suggestive of a talking or climbing animal. It seems 
to be conceivable that the Ostrich branched oft* from the avian 
stem before the power of flight wns perfectly established.” 

To this 1 may here add that there seems enough anatomical 
evidence to justify the hypotliesis that the Tinamoiis left this 


Text- figure 1-. 



avian stem subsequently to the Struthionesoii a side line of their 
own, biit still before flight in its fully perfect condition had been 
attained. They are “ Palaeognathous ” or primitive, that is to 
say, in all points except those intimately concerned with the 
function of flight. 

It seems a little unfortunate, thei-efore, that Beddord {loc. cit. 
p. 498), in giving a summary of the musculature of all the 
struthious genera, should have stated that the following muscles 
have disaiipeared : Pectoralia propatagialia^ Biceps propatagialia^ 
Ddtoides propatagialis, Deltoides minor ^ Scapulo - humeralis 
anterior^ and Expamor secundariornmy while the Pectoralia major 
is in all very reduced,” for since, as J have already pointed 
out, there is no sign or hint of a pata^ium in any of the 
struthious embryos or adults, it would appear to be more likely 
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that these patagial and accessory flying nauscles were never 
developed. Moieover, the E:v}mnsor aecundariorum^ so far at 
any rate as the Khea is concerned, has by no means disappeared 
(see p. 221). Again, as regards the so-called reduction of the 
Pectoralia major, it seems to me at least a very open question 
whether the anatomical features presented by this muscle and 
the other pectorals in Striithio and lihea are not evidence of 
a primitive phase of development nither than a degenerate 
condition. 1 have made careful dissections of these muscles in 


Text-figure l.‘h 



oi pfvtoral mu'cK'js ot ouil)r\«» lihea to tUe ap|)rtrentl\ cinnpo^iti* 
nature of Sectoral is major mid bicep^i uiusclub ; cf, text. 


the just unhatche<l embryos of both these forms, and figures aie 
given of them (text-tigs. 12 and 13). 

It will be noticed, for instance, that in the Khea the Pecioralis 
major has no sternal origin at all, but derives its origin from the 
outer face of the posterior part of the coracoid. Oonveiging 
outwards and upwards to its humeral attachment on the pectoral 
ridge, it first blends with the Pectoralia tertiua, which takes origin 
from the costal process of the sternum, and becomes so intimately 
involved with it and the biceps muscle, which is almost completely 
surrounded in part of its course, that on a first exposure of these 
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three muscles the impression gained is that of a single composite 
muscle {of. text-hg. 13). 

It requires, in fact, a little care to demonstrate the identity of 
the individual components of this group. 

Furthermore, on cutting through the pectoral the biceps is 
seen to arise in a very anomalous position, \iz., far back on the 
outer margin of the ccn acoid, that is to say, from almost the sternal 
end of that bone (r/. text-ftg. 14), and therefore far removed 
from its head or scapula end, uhich is the usual seat of origin 
for the coracoidal liead of the biceps in modern birds. Hiere is, 
moreover, no indication whatever of a humeral head. This 
origin of the biceps in Rhea is especially interesting in view of 
the fact that Owen (1866, iii. p. 6), in describing the muscle in 


Text -figure 14. 



Dissection of biceps muscle in embryo Bhea to show origin of long head from 
coracoidal spine * ; rf, text. 


the Monotreniata, records that both heads are coracoidal in origin 
and that one of them (the long head) arises from the sternal end 
of the coracoid, while Gunther (1868) states that in ITatteria the 
inner or long head of the same muscle also arises from the 

sternal margin " of that bone. I have been at some pains to 
dissect and illustrate these muscles because degeneration fol- 
lowing upon loss of flight does not seem in the least adequate to 
explain the problem of their morphology ; while, on the other 
hand, their study seems to indicate, beyond little room for doubt, 
that we are dealing here with a primitive phase in the evolution 
of avian muscles. 

A still more interesting featui'e is connected with the mor- 
phology of the Pectoralis seeundnis muscle in Rhm^ Sthdhio^ and 
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Apteryx^ and I am constrained to think that the anatomy of this 
muscle may have been a factor wliich largely contributed to the 
failure to attain to lliglit not only in these but possibly in other 
primitive birds. 

In carinate birds and in tlie Tinanious the fibres of this large 
and important elevator of the wing conveige from their s])acious 
origin on the sternum to form a rounded tendinous cord, which 
passes upwards and outwards to t he inner and posterior aspect of 
the head of tlie coracoid. This tendon then passes through the 
foramen triosseum, and on its t^xit is shai ply deflected almost at 
right angles in its course to its ultimate attachment to the head 
of the humerus, the foramen acting as a strong pulley in the 
raising of the foi*e-linib (r/‘. Icxt-fig. 15 11). 

In the iiliea, Ostrich, and Apteryx, on tlie other hand, it would 
appear to have been overlooked that the semi-tendinous cord of 
insertion not only does not pa.ss through a foi*auien triosseum 
(which does not exist), hut that it merely passes along a shallow 
groove on the outer and anterior surface of the head of the 
coracoid (<?/’. text-fig. 15 A). Thus, at first sight, it would appear 
as if the tendons in the two categories under notice took different 
courses. In reality this is not so, for whereas in the flying bird 
the tendon passes round the inner side of the very prominent 
aci’ocoracoidal procc^ss of the distal end of the coracoid, in the 
strutliious hiril this acrocoracoid does not exist, or at the most 
only exists as a rudimentary beginning represented by a slight 
bony eminence or ridge of bone {cf, text-fig. 15 A). The tendon 
passes to the inner side of this low eminence on the coracoid, lying 
between it and a prominent boss of bone ( ? the acromiuni) on 
the scapula. If the rudiment of the acrocoracoid had developed 
it would have grown in a foiwvard and inward direction over the 
tendon so as to have furnished the same sort of pulley or fulcrum 
as that round which the tendon in flying birds plays. 

It is obvious, therefore, that in the Struthiones, or at any rate 
in those forms mentioned above, the pectoralis secu^idus muscle 
can only derive the most feeble and precarious leverage from 
this rudiment for its elevating action on the humerus. It may, 
of course, be argued that the rudiment in question is not in 
reality an incipient indication of the acrocomcoid but a relic 
of it secondary to a loss of flight. In view of the evidence 
afforded, however, by so many other structural features in the 
Struthiones the view taken here is that it is a true rudimentary 
acrocoracoid. This view, at any rate, is supported by the fact 
that in JDidua, Aptornu, and other flightless forms, the aci*o- 
coracoid is especially well developed and shows little if any 
signs of degeneration. 

It is evident, however, that Jeffery Parker (1892) in his 
observations on the development of Apteryx (p. 91) takes an 
opposite view, for in certain stages of growth (F, k G., pi. 17, 
figs. 234-236) he calls attention to the increased development of 
the acrocoracoidal tuberosity, ** which is now a well-marked' 
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Text-fignre 15. 


^ acix^trtfU^Tt' 



Disj^ectioii of Fectoralis secundne muficles in A. Bliea and B. Skiin ; cf. text. 


process considerably larger proportionately than in the adult.” 
When, however, we examine these plates this so-called tuberosity 
seems to be nothing more than a low oval-shaped and ill-defined 
concrescence, It.is a featureless structure or nodule which seems 
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to me to do little more than m«rk the site of a still-horn aero- 
coi'scoul. At the stages of growth of the shonlder-girdle depicted 
by Parker the various topogra})hical features, such as the glenoid 
cavity, procoraooid, anil conicoidal foramen, are well defined. 
The acrocoracoid alone lags heldnd, just as it does in the adult, 
and the only explanation to iriy miful is that it is “ still-boi n.'^ 

I may also add that, although J have only ilissected the 
pectoralis secaadits muscle in the stnithious forms spejcifically 
mentione<l above, as w(‘ll as a gooil many carinate forms, it seems 
quite clear from the comparative morphology of the bony parts 
concerned that the muscle wa,s similarly handicapped in sufdi 


figure H). 



Dissection of Fle.ror carpi uhtaris muscle in embryo Hbea to show bipartite 
condition ; text. 


forms as the Emu and Cassowary and even in the Moas and 
Diatryma. 

The pectoralis secundus, as has been pointed out by Shufeldt 
(1890, p. 7if) in the case of the Raven and by Kitchin Parker 
(1864, p. 229) in the case of the Tiiiamou, through the leverage 
gained by its tendon passing through the osseous canal formed 
by the bones of the shoulder girdle (coracoid, scapula., and clavicle), 
acts as a strong elevator of the humerus and plays a most impor- 
tant and fundamental part in the function of flight ; while, as 1 
have suggested above, it seems difficult to resist the conclusion that 
the peculiar conditions in the three struthious birds mentioned, 
with a consequent loss of leverage, may have played a very 
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important part in the failure to attain to flight in not only these 
birds but in other primitive foi^ms. 

The Flexor carpi tdnaris is another muscle worthy of a 
moment’s consideration. There seems to be little doubt that, 
as suggested by Shufeldt {he, cit. p. 144), this muscle was 
originally composed of two parts, or perhaps two distinct muscles. 
This is indicated in the Raven, and I may add many other 
birds, by the median fascia that runs longitudinally through its 


Text-figure 1 7, 



Dissection of Flexor carpi ulnaris muscle in A, (Bdienemus and B. Tiuamou 
{Nothnra maculosa) ; (f, text. Natural size. 


belly, I have exposed this muscle in the just -hatched embryo 
jRkea^ and the original bipartite condition is beautifully shown in 
text-fig. 16, I do not think that further words are necessary to 
emphasise the lesson which can be drawn from it. It only 
remains to odd that in the Tinamou {cf. text-fig, 17 B) we have a 
phase of development of this muscle which is far in advance of 
the Palasognathous but has not quite attained to the fully- 
developed carinate or Neognathous stage. 
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Finally, it may be said that in most flying birds that extra- 
ordinarily little muscle known as the Expansor secundariorum is 
seen to be attached to not more than the innermost two or three 
inner secondary featliers, Jn the RIi>ea embryo (see text-fig. 16) I 
have foiand that it is attached to the six innermost. Here again, 
therefore, we seem far from having evidence of a state of things 
pointing to degeneration, but, on the contrary, indications of a 
primitive condition pointing to a time when this muscle may 
have played a more important part than it does now. 

The Cokaco-Scapulak Bar. 

In the Struthiones, as also in some primitive and fossil types 
of flightless birds such as the Eocene iJiatryma (Matliew <k 
Granger, 1917), the scapular and coracoid are fused together 
into a continuous and unin ten upted bar of bone, while instead 
of being inclined at a pronounced angle they hold an end-on 
position, one to the other, so that they lie in almost the same 
straight line and the same plane. 

In the Neognathue, or what may be called modern flying and 
carinate birds, the angle made by the two bones is, on the con- 
trary, generally less than a right angle, and they do not lie in 
anything like the same plane. In addition, there is a marked 
solution of continuity whei’e the two make contact which almost 
amounts to a joint. 

Moreovei’, in such struthious forms where the wings have 
7 iot apparently undergone a secondary retrogression in any 
respect except that of size or proportion, such as the Ostrich and 
Ilhea, the coracoid is a snort flattened structure with a quadri- 
lateral form strongly contrasted with the elongated and somewhat 
rod- or str\it-shaped structure chai-acteristic of the flying Neo- 
gnathine bird. Tliere are other obvious points of difference 
which need not detain us, since all I wish to emphasise here is, 
that if ^ve go Iwck to sueli primitive reptilian ioviw^fm Euparkeria 
and Ornithosuchiis, we find in the coracoid and scapula of these 
representatives of the i^seudosuehian group of reptiles a most 
remarkable similarity to tlie Palteognathus coraco-scapular bar 
as regards their fusion, form, and end-on position, to say nothing 
of other points, such as the position and presence of the coracoidal 
foramen. This similarity is so remarkable that it can hardly fail 

suggest some more or less close phylogenetic relationsliip. 
The same morphological similarity can be traced in the coraco- 
scapular bar of various Liauirds by studying the abundant series 
of illustrations in such a work as Kitchin Parker’s on the 
vertebrate sboulder'-joint. 

The Paeudosuehian reptiles alluded to above, it may be 
recalled, are now regarded by the latest authorities as being 
probably derived from an ancestral type which gave rise to birds 
and suon Dinosaurian forms as the Ooeiurosaurs and Theropoda. 

In thus remarkable similarity then there seems to be justifiable 
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ground for, at any rate, a preliminary assumption that the 
raorpnolv>gy of the coraco-scapular bar in the Struthiones is 
reptilian or primaiy, and not secondary to a loss of Uight as has 
been so often maintained. 

On the other hand, in the relations of the coraco-scapnlar bar 
obtaining in the Neognatlue, we seem justified in assuming a 
condition which has been acquired as the result, among other 
factors, of the development of flying muscles, a condition which 
is presumably secondary. 

When, too, we reflect that present existing, as well as fossil 
Paheogmitlnc, exhibit a mass of primitive characters which can 
only be expressive of an early stage of avian evolution and wliich, 
as it seems to me, must on no account be confounded with 
degenerative or retrogressive processes, tlie assumption which we 
have permitted ourselves seems all the more jiislilied. 

Opposite opinions, howevei-, have been generally, if not 
universally, lield. 

T. J. Parker (1882) for instance, in a paper on Noiornu and 
other flightless birds, was especially prominent in arguing tliat. 
tlmi'e was no morpiiological gap in the two categories alluded to, 
while in some general remarks on flightless birds lie considers 
the ‘‘llatitic ” (p. 255) as the greatly specialised but degenerate 
descendants of ‘‘Carinate*' binls. Jn a pa])er, too, on the 
Anatomy and Development of Apteryx (1892), he has gi\en 
a number of characters which, if we are to follow him and 
Pycraft (1898), lend tiie strongest support to the view that the 
Struthiones must be descendants of a proto-carinate avian form 
capable of flight. 

There are, of course, many morphological facts connected with 
the problem of flight in birds which are both interesting and 
apparently con trad id ory. These problems, however, I do not 
propose to discuss here, as it is my immediate intention to discuss 
the comparative anatojny of the Struthiousand reptilian shoulder- 
girdle as revealed by the conditions met with in the embryo. 
Before doing so, however, 1 might mention that Parker 
{Ic. p. 250) writes that “it would, however, be a mistake to 
suppose that there is anything like a constant relation between 
flightlessness and increase of the coraco-scapnlar angle.'* For 
instance, be calls attention to the fact that in one of the best 
fliers in the avian class, that is to say in the Albatross, the angle 
subtended by the scapula and coracoid is 100° or greater than in 
any other flying bird. 

On the other hand, it is interesting to note that in Stringops, 
the flightless Owl-Parrot of New Zealand, the coraco-scapular 
angle has undergone little or no increase in a bird in which the 
Carina or keel is practically non-existent. This, of course, might 
very easily be ascribed to the possible fact that the loss of flight 
may have been comparatively recent, notwithstanding the 
disappearance of the keel ; but against this seem to be the 
primitive features of the skull, while it may he stated that 
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Dr. H. 0. Forbes (1891^, p. 544) has recorded that a Mr. Hhand 
and an aged Moriori called Tapii ’’ informed him that tlie 
Kakapo {StringojTs) occupied in the early days of the settlement 
of Wiiarekauri, the largest of the Chatham Islands, “ various 
parts of the island in considerable numbers, and both remember 
their burrows,” though Mr. 8hand could not recall having himself 
seen the birds. If the statements iiiade to Dr. Forbes were 
true it would relegate the flightless condition of this primitive 
Parrot to an immense anticpiity, for obvious reasons which we 
need not stop to discuss. 

Again, it is generally held, and no doubt with a good deal of 
truth, that the lengthening of the coracoid is correlated with the 
ability to fly, in order, as it is said, to accommodate a large 
pectoral muscle ; but J havi* recently calletl attention (1924) to 
the fact that the very peculiar and generalised flightless bird 
Mefiitos of Madagascar is provided with a coracoid wnich, 
relatively to its sternum, is the longest coracoid I have ever 
seen, with tlie exception, perhaps, of the flightless Allan tisia 
rog^n'si of Inaccessilde Island (1928). In addition to the long 
coracoid Mcfiites has welI-<leveloped pectorals, a very reduced 
ke(d, not a vestige of a clavicle, and an extremely reduced coraco- 
scapular angle — to he concise 58^. 

That Mesites is, to say the least, to a very large extent 
dependeiit on its cur^orial powers is evident from its very well- 
developed hind limbs ami a pelvis which has been specialised on 
almost tlie exact lines of the Californian Iload-Ilunner {Geococct/x 
rnexicana). 

Leaving, however, such con trail ictory instances of the condi- 
tions generally accepted as characteristic of the volant state and 
coming at once to a consiileration of the relations of the coracoid 
and scapula to one another in the embryo of tlie Ostrich, we find 
that Miss Lindsay (1 885), in her now classical and still almost 
unique paper on the .sternum in the Avian .embryo, describes the 
scapula and coracoid in the four-days Ostrich embryo as not 
being united ! In the five-days (Galline) chick, too, the scapula 
and comcoid are stated to be first perfectly distinct, then as 
becoming fused, and, finally, as being once again sepanite in the 
older chick. This temporary fusion, Beddard thought, might be 
significant of the strutliionic condition, and it is to be noted 
that Miss Lindsay came to the conclusion that the subsequent ’’ 
union of the coracoid and scapula in the Ostrich is a secondary 
rather than an ancestral reptilian condition. 

On the other haiul, no trace was found by Mi.ss Lindsay of 
either iiiterclavicle, clavicle, or keel, and the suggestion that 
the sternum of the Ratitce has lost a formerly-existing keel 
*^must now be directly negatived.” These results of Misa 
Lindsay's researches, I may add, were obtained by dissection I 
Broom (1906, p. 357), in a paper ** On the Early Development 
of the Appendicular Skeleton of the Ostrich,” in discussing Miss 
Lindsay's results, also doubts the possibility of being able ixy 
Piioc* ZooL. Soc. — 1928, No. XV. 15 
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dissect out the elements of the shoulder-girdle in the chick at a 
stage when sections “show comparatively little differentiation in 
the cells,” and he feels “ considerable hesitation in believing in 
structures which can be got by dissection but cannot be seen 
in microscopic sections.” In fact, he found in the ten-days’ 
embryo Ostiich, in contradistinction to Miss Lindsay’s results, 
“ no trace of a division between the coracoid and scapula ; both 
are merely parts of a single bar.” Incidentally, he finds the 
coracoid to be a short broad structure (as in the adult), and 
that there is no clavicle present. 

Broom’s studies were carried out by tangential and transverse 
■sections twenty-one years after Miss Lindsay’s work, so that, 
allowing for improved methods of investigation, one may feel 
satisfied that in his description we have revealed the true facts 
in regard to the one-ness of the coraco-scapular bar in the 
early striithious embryo. 

When, too, we bear in mind the almost identical morphological 
picture which obtains in such primitive reptilian types as 
Euparheria^ Orniihomchus^ and others, it seems difficult to resist 
the conclusion that the condition is a primary reptilian -derived 
condition, and not only so in the Ostrich but in the rest of the 
Palieognatlue, not to mention such other primitive avian and 
flightless types as Diatryma, in which we also get a similar fusion 
of these two bones, the same end-on relations in the scapula and 
coracoid, and the same flattened, short, and quadrilateral form of 
the latter bone. 

Broom, however, states (L, c. p. 357) that in the ten-days’ old 
Ostrich embryo the long axis of the scapula makes an angle of 
about 100® with that of the comcoid, but that by the next day it 
has become more obtuse. In the figures given by Broom 
(c/. text-fig. 18) the condition present seems to me more of a 
gradual bend than an angle, and in any case the absolute unity 
of the coraco-scapular complex seems to be the over-ruling and 
most important point. 

Nevertheless, Broom sees evidence of a flying ancestor in this 
inclination of the two structures to one another. Thus he goes 
on to say : — “ When the ancestor of the Ostrich became a flying 
bird the coracoid would become elongated to accommodate a 
large pectoral muscle and there would doubtless be a large 
clavicle. The ten-days’ embryo still shows evidence of the 
flying ancestor in the well-marked angle which there is between 
the scapula and coracoid. As the power of flight became lost 
the clavicle disappeared.” 

In other words, if I have interpreted his conclusions correctly, 
Broom is of the opinion that the end-on fused condition of the 
coraco-scapular bar in the Ostrich is a secondary result of the 
loss of flight and is not comparable to or homologous with the 
morphology of this apparatus in the shoulder-girdle of so many 
reptiles, more especially those Coelurosaurian ai^ Pseudosucbian 
iypes which exhibit so many bird-like similitudes in the rest of 
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their skeletal structure, and which there seem such justifiable 
grounds, as Broom himself, Osborn (1917), Heilmann (1926), 
and others have pointed out, for regarding as either co-lateral 
or direct ancestors of the avian class. 

8o also we must conclude, if we agree with Broom, that the 
short, flattened, quadrilateral coracoid with its coracoidal foramen 
is a degraded phase of the elongated and more cylindrical coracoid 


Text-figure 18. 



C/Oraco»scarulnr bnr in o&trich embryo; A. Ten daysS old j B. Eleven 
da^aold* After Broom. 


of the flying “ proto-carinate ancestor,” a conclusion wdiich seems 
well-nigh impossible of acceptance, especially if we bear in mind 
that in the flightless Mesites of Madagascar, alluded to above, 
there is not only no sign of diminution in the length of coracoid 
but an actual exaggeration of it and of its cylindrical form, 
while yet the pelvis has had time to undergo the most marked 
alterations correlated with a cursorial habit. 

Thus, against the view held by Broom that the ancestors of 

15 ^ 
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the Palseognathss were birds eapable of flight with elongated 
coracoids seem to be the following considerations . — 

1, That in the ten- days’ Ostrich embryo these latter bones are, 
as shown by Broom himself, short, broad, more or less quadri- 
lateral and flattened structures, while the apparent formation of 
the coracoidal foramen by the gradual descent of the descending 
process of the scapula, as shown in Broom’s figures, gives any- 
thing but a picture of what vve might expect to find in .a carinate 
form. 

On the contrary, it seems to me that the sum total of the 
morphological details is wholly reptilian and comparable to what 
occurs in such forms as Eitparheria capensia^ Ornithosuchiia^ or 
Mesosmhus as figured by Broom (1913, pis. Ixxvi-lxxviii) and 
others. 

It seems evident, too, to judge by the recent work of Petro- 
nievics and a personal examination of the coracoid of Arclmo- 
pieryx as now exposed in the oidginal matrix, that this type 
of coracoid represents a pre-volant stage in avian evolution ; 
or perliaps one of many pre-volant stages. To use such a 
word as “ pre-volant” in connection with Archceopteryx, generally 
regarded as the earliest flying bird known, may appear to be 
unjustified, but it seems to me that the very long and attenxiated 
bones of the manus of this remarkable bird could not possibly 
liave supported the strain of ten or twelve well-developed 
primaries while beating the air without instant disaster. 

Heilmann (1926) has suggested that the sternum of both 
Archmopteryx and Archcpornis^ as in all reptiles, was un ossified, 
which may account for the fact that no trace of this structui*e 
has been discovered in either fossil. Jf this was so, it is 
additional ground for the strong presumption that neither of 
these birds was capable of anything more in the way of fliglit 
than a simple gliding, or a jump and then a glide, any beating of 
the wing being precluded without a strong ossified point iVapjmi 
for the major pectoral muscles which probably existed in a very 
rudimentary condition. 

If, however, we make the supposition that the reptilian 
bird with gliding movements like Arcliceopteryx and the truly 
volant carinate bird represent co-lateral branches descended from 
a common flightless ancestor, then we might justifiably hold the 
view that the lengthening of the coracoid, together with the 
ossification of the sternum, the acquisition of the keel, and 
the shortening, strengthening, and keying-up of the bones of the 
manus were all factors independently developed by the carinate 
volant branch subsequent to their divarication from the primitive 
avian stock. 

In the case of the Struthiones neither a lengthening of the 
coracoid, the acquisition of a keel, nor of the essentially avian 
centres of ossification proper to the sternum have been developed : 
they are conspicuous by their absence; while as regards the 
keying-up, strengthening and shortening of the bones of the 
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manus, a phenomenon obviously secondary to the acquisition of 
flight, there as but little evidence (see toxt-fig. iS for ," a 
comparative examination of the various existin..’ flSitleM 

SrSfo proceeded fa, tihest in Mea Ld next in 

***"•* “* forms, as well as in 

Ihommm, in whicli the specialisation is hardly noticeable the 
degree of morphological change exactly corresponds to the extent 


Text-ligure 19. 



Kitchiu Parker. 


2. If, in common with the generality of writers upon the sub- 
ject, wearo to protulate a flying ancestor for the Pnlwognath*, it 
memn evident that we must also presume that in that ancestor 
there could have been no fusion between the coracoid and 
^pula, so that if the fusion noted by Broom between these two 
bones m the ten-days’ embryo Ostrich is not evidence of a primaiy 
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reptilian condition, it must indicate a subsequent return to a 
pseudo-reptilian condition as the result of the loss of flight. 
This latter alternative seems inconceivable since it is not only 



IVxt-figiire 21. 



Bones of manus in (A) Embrjo Hoatzin, (B) Adult Hoatzin. 
After Kitcliin Parker. 


not seen in those avian types in which the power of flight has 
been obviously lost, but we also have to account for the presence 
of the foramen ooracoideum and tibe pre-eoracoidal element in the 
eemplea. 
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3. Broom (1906, loc. cit, p. 356) insists, however, that though 
many have regarded this latter process as a precoracoid, “ we may 
be pretty sure, from what we now know of the morphology of the 
precoracoid in primitive reptiles, that the bone in the Ostrich is 
an anterior process of the scapula, and is in no way homologous 
with the true precoracoi{l of early forms.^' Whether, however, 
we regard it as pre-scapular or pre-coracoid it seems hard to 
believe that this conspicuous and characteristic feature of the 
shoulder-girdle in “one of the most primitive birds at present 
alive’* is not roptilian-derive<l but hns been, so to speak, 


Text-figure 22. 




A. Manus of embryo fowl. 

B. Manus of adult fowl. After Kitcliin Parker. 

Compare with text-figures 19 to 21. 

“ re-incarnated ” in the bird, not as a homologue of the reptilian 
coracoidal bony offshoot, but as its analogue. Such occurrences, 
as we all know, may occur, but my point is that if it is so in 
this instance it seems strange that the “ pre-coracoid ’* is seen in 
its most marked form of development in the most ancient group 
of existing birds, and, moreover, that the same process of bone 
takes part in the reproduction " of the coracoidal foramen in a 
way which so exactly recalls the method of formation of this 
foramen in such primitive reptiles as Eupark^ria and OrnUho- 
mt€hu$* 
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Moreover, by the time the carinate Neognathae had reached 
the zenith of their flying capabilities the coracoid had become so 
specialised that the pie-coracoid dwindled to a rudimentary 
fraction of its former size. 

4, Broom, like Miss Lindsay, found no trace of a clavicle in 
the ten-days’ embryo Ostrich ; but in the “ flying ancestor,” he 
says, “ there would doubtless V)e a large clavicle.'* If this had 
been so it seems not unreasonable to think that we should have 
found indications of one in the embryo. That clavicles are not 
found in the embryo Ostrich seems pretty good evidence that 
tliey were not present in the struthious ancestor. 

There is, however, a difficulty in the case of the Emu, which has 
rudiments or vestiges of clavicles on either side, otherwise there 
might have been justification for applying the above assumption 
to the whole of the known struthious forms, since no other 
ineinbcr of the Struthiones, living or fossil, had, so far as is known, 
any trace of clavicles. 

It is necessary, however, to ask oneself the <juestion at this 
juncture, whether the vestiges of clavicles seen in the Emu are 
not in reality and in truth vestiges of reptilian clavicles and not 
of an avian f urculuin, and to reflect that the clavicles are pi'eformed 
in membrane and are very prone to disappear. They have dis- 
appeared in the Ooplurosauran dinosaurs, for example, which are 
presumably a specialised offshoot from the Pseudosuchians or 
some allied grouj), while in the Pseudosuchians they are present. 

If, therefore, we formulate the proposition that the Pala^o- 
gnathous ancestor was derived from some generalised reptilian 
group ancestral to both the Pseudosuchians and Ocelurosaurans, 
there seems no more improbability in the supposition that the 
clavicles dropped out when the struthious ancestor originated 
than in the actual fact that they did drop out in the case of the 
Coelurosaurs and remained in the Pseudosuchian, while the 
cropping up of vestigial remnants of clavicles in the Emu is only 
comparable to other hereditary phenomena. 

The Palatal Region. 

In the adult stage the palate of every known struthious form, 
either living or extinct, except the one genus Struthio^ differs 
from the adult Neognathous palate in the fact that the pterygoid 
process of either side makes junction with the posterior cornua 
of the vomer. In doing so they** ride oflf” the palatine bony 
plate and prevent it forming contact with the basisphenoidal 
rostrum or with its fellow of the opposite side, a contact which is 
effected in the Neognath®. 

In addition, the palatine makes a junction with the pterygoid 
not by a ** cup and ball ” joint as in the Neognathie, but by a 
plain overlapping squamosal suture. Kitchin Parker, many 
years ago, called attention to this peculiarity as glso to the distal 
extension of the pterygoid — the hemi-pterygoid—* which in the 
embryonic Neognathous bird extends forwards in a spike-like 
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form mud) as it does in JUma. As Pycraft has very clearly 
illustrated, not only does it extend forwards but it efiects a 
junction, though feeble, with the vomer. Later on, after the 
hatching of the young bird, the identity of this distal end of the 
pterygoid in the Neognathous embryo is lost by reason of the fact 
that it becomes fused with, or merged into, the sti ucture of the 
under surface of the palatine plate wliich, in its turn, has 
succeeded in moving inwards so as to effect a junction in the 
middle line with its fellow of the opposite side. A similar 
movement inwards may be tmced in the Struthiones by a com- 
parative examination of the morphology of the palatine plate in 
the adult Emu, admittedly the most primitive or generalised 
form in that group, and the like structure in the more specialised 
Rhea. To return, however, to the point at issue — at the same 
time as the hemipterygoid is becoming absorbed by the palatine 
plate a segmentation, solution of continuity, or ‘^fracture ” occiiis 
at a point in the pterygoid corresponding to the hinder margin 
or free border of the palatine. At this point a glenoid joint is 
evidently formed between the ptei’ygoid and palatine, so that 
with the ahsoi’ptiori of the hemipterygoid and the appearance of 
this joint all trace of the former l>one’s connection with the 
vomer is lost. 

Such, in brief, is the liistory which is concerned with the 
evolution of this portion of the Neognathous palate. 1 liave 
introduced it here not for its own intrinsic interest, euhancc<l as 
it has been by Pycraft’s careful study of its story, but because in 
ti)e 8truthiones, more especially in the Rhea, it is possible to 
trace some of the steps which led to the evolution of the 
Neognat bine palate from the more primitive Pala'ognathine. 
For instance (1 ) the inward movement of the palatiiu s towards 
their Neoguathine objective in the middle line, (2) the cutting off 
of all contact of the vomer with the pterygoid, a contact wdiicb, 
as we have already seen, is essentia II}*^ characteristic of the 
fStruthiones ; while, as Pycraft has already pointed out, there 
are other steps of secondarj'^ interest such as the shortening and 
forward movement of the vomer and the relative shortening of 
the basi -sphenoidal rostrum. 

In one word, we have in the palatine morphology of the 
struthious adult the same phase of evolution as is obvious in 
the embryos of the Neognathae. One struthious palate may 
show advances from an evolutionary point of view on the other, 
but it is strictly true to say that the evolution of the adult 
struthious palate has, in comparison with the palates of all 
Nwgnatbous birds, been arrested in an ‘‘embryonic*' stage. As 
Kitchin Parker long ago pointed out, it is possible to derive from 
it all the other types of avian palate. 

The only possible conclusion to be drawn, therefoie, is that the 
etriithious palate is more primitive than the Neognathous and 
that in it we have an accurate presentment of what the early 
avian palate was like. 
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Broom has given a figure of the palatal view of the base of 
the skull of Ornithoswhus tooodwwrdu one of the primitive 
reptiles belonging to the Pseudosuchia, and Heilmann has 
coiii pared this with a figure of the palate of Apteryx australis. 
When we examine these two figures we can hardly fail to be 
struck with the homologies of the several parts, especially when 
we also note the prominent basipterygoid processes in OrniOco- 
suchus, a prominence which is such a peculiar and striking 
feature in all the Striithiones. How then, we mny ask, can it 
possibly bo maintained, in the face of these facts appertaining to 
such a fundamentally important complex of basi-cranial si ructiires^ 
that the Struthiones are derived from a carinate ancestor ? 1 

use the word “ carinate " as being here synonymous with 
“ Neognathous,’^ but it may be added that Pycraft, in his 
‘ History of Birds ’ (p. 42), has stated, “ as a matter of f«ct the raft- 
like character of the breast-bone [in the Struthionesj is of no 
real importance, no guide as to questions of affinity : it is a. 
secondary, degenei'nte character, which has been independently 
acquired by many birds.*^ 

In my remarks on “The Sternum,’^ I have shown that Miss 
Lindsay has proved by her study of the embryo Ostrich that the 
keel is not lost. It never existed. The mftdike character of 
the breast-bone in the Struthiones cannot therefore possibly be a 
secondary one independently acquired in this group, while it 
seems at least open to doubt if it was so acquired in such a group 
as the Stereornithes, which, unfortunately, we have not space to 
consider in this pajier. 

Basipterygoid Processes* 

One of the most striking features of the base of the skull in all 
the known Struthiones without exception is the presence of 
very large and conspicuous basipterygoid processes. The presence 
of these processes has been described, with what we may take to 
be an absolute approach to the truth, as indicative of a primitive 
or reptilian comlition. In the Neognathse there are groups, such 
as the Charadriiforines, in some subdivisions of which they are 
present both in young and old (Limicols&), while in others, such as 
the Laro limicol», they are present in the embryo and chick while 
absent in the adult, the loss being obviously secondary and duo to 
specialisation. In the birds of prey again, Serpentarius^ probably 
the most primitive, has them ; so have the Amei ican Vultures, 
while in the Falconidje they are absent. Beddard has called 
attention to the fact that a certain degree of co-relativity can be 
traced in the presence of basipterygoide and a primitive arrange- 
ment of the gut. 

In the Struthiones the morphological details of the basi- 
pterygoids ^e so peculiar that the term “ Stintfaious ” may 
rightly applied to them. 
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The Quadrate Bone 

In a paper piibliMhed in tlie ‘Ibis' (1926), in which the 
qua<lrMto is specially dealt with, I have made some observations 
on this important structure whose lelations to other basal 
structures of the skull in the 0^trich-like gioup of birds are so 
characteristic as almost to be synoinrnous with the term 
Struthious. 

I do not propose, therefore, to oiler any further remarks upon 
it here, except that in both the flightless Struthiones and the 
flying Tinamous the inorjihology of this structure is so essentially 
identical that it seems to preclude any rpie.stion of its being in 
any way a secondary effect consequent on the loss of flight. 

Whether its essentially reptilian characters are peculiar to tlie 
Htruthiones and Tinamons or ai-e only shared by these groups 
with the larger division of the Palaeognnthaj is a point which, 
although it seems likely, can only bo settled by the acquisition of 
further fossil material. 

At any rate this much seems true, viz., that the strutliious 
quadrate holds very much the sfune relation to the Neognathoua 
quailrate as the struthious palate does to the Neognathous or 
Euornithic, while it seems almost a platitude to remark that 
neither the struthious quadrate nor palate could possibly have 
been derived from the newer or more specialised Euornithic 
quadrate or palate. In this connection it is interesting to note 
that Diatryma (Lo\Ner Eocene), which Matthew and Granger 
(1917) regard as probably a derivative of normal Cretaceous 
Euornithes, has a form of quadrate which they consider as being 
somewhat intermediate between the PalaH>gnntbous and Neo- 
gnathous. This conclusion is based on the fact that althougii 
the quadrate is single-beaded it is bi-facetted. This, however, 
is a comlition which, as 1 have already pointed out (loc, ciL 
p, 157), is far from being uncommon in the strutliious 
assemblage. 

The Stern tMc 

In the embryonic sternum of the existing Strutliioiies we find, 
with one exception, tliat only one pair of ossifying centres exist. 
These ossifying foci are symmetrical and they aie situated, one 
on either side, in relation with the fused cartilaginous distfil ends 
of the ribs. These fused distal ends of the thoracic ribs form a 
longitudinal membranous expansion on either side of the middle 
line, and as development proceeds gradually approach one another 
in the middle line, where the> eventually fuse, thus forming the 
sternum or breast-plate. 

To each of these ossifying centres the name of Pleurosteon has 
been given, and, with the exception of the Rhea, which has in 
addition a for the ossiflcation of each of the anterior 

lateral processes, they represent the only pair of ossifying centres 
which exist in the sternum of the group under consideiation. 

In reptiles the breast-plate is either entii'ely absent or is 
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exactly equivalent in form and structure to the sternum of 
jEpyornia, 

Space forbids the inclusion of further remarks upon the sternum, 
but, ill view of the above facts, 1 would ask is it possible to 
reconcile what is known as to the development and morphology 
of the strutliious sternum with any theory which would ascribe 
the primitive peculiarities of the morphology to a retrogradation 
or degeneration secondary to the loss of flight ? 

The Sternal Callosity. 

I have already discussed the callosities of the struthious 
association in a former paper (1926), and I have there ventured 
the suggestion (p. 674) that “the sternal and pubic callosities 
may be relics inherited from the reptilian ancestors of birds (the 
Pseudosuchians, for example), which may have rested, when in 
the crouching position, with their breasts supported by some 
similar special modification of the epithelial scales of the fore-end 
of the sternum or of those over the pubis,^’ 

StruthiOf Dvommis^ CasiiariuSy and llhea among existing 
Struthiones are all furnished with conspicuous sternal callosities, 
and from what we know of the fossil impressions indicating the 
method of crouching in certain primitive reptiles the inference 
seems justified that the sternal callosities in struthious birds not 
only indicate a very primitive condition, but would appear to 
suggest that they were primarily inherited and not likely to liave 
been accpiired after the usually postulated loss of flight following 
descent from Proto-(Jarinate ancestors. 

The Vertebral Column, 

From the point of view of evidence for or against the opinion 
that the PaUeognathse are the degenerate sundvors of some proto- 
caidnate volant ancestor, the fact that they have agi*eater number 
of vertebrae than any other existing birds known seems to be a 
point which cannot easily be dismissed. 

Mivart (1874, p. 385), in his memoir on " The Axial Skeleton 
of the Ostrich,’ gives the number of vertebrm as 56, made up as 
follows : — cervical 17, cervico-dorsal 3, dorf-al 5, dorso-lumbar 2, 
lumbar 8, sacral 3, sacro-caiidal 8, caudal 10. 

In DromcpuB the total amounts to 55, in Casuarius to 59, in 
Rhea to 51. Archmpieryx had only some 50 vertebrie and 21 of 
these were caudal. Some of the higher placed arboreal birds 
have the smallest number of all birds. 

Heilmann has recently demonstrated that as regards almost 
every osteological feature possessed by Archceopteryx and 
Arehceornia they were, if possible, more reptilian than had been 
previously suspected. 

* The fact that the iiomenciftture and claatifloatton aivea by Mivart are not in 
accord in all respects with the views of other zoologists does not a^ct the question. 
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That these two birds possessed the power of flight in the sense 
in which it is associated in our minds with modern birds seems, 
as I have attempted to show on p. 228, highly improbable. 

If, therefore, we are, generally speaking, justified in regarding 
those birds with the largest number of vertebrae as older types 
than those possessing fewer, it is evident on this view that 
Archaeopteryx^ as Beddard (1898, p, 115) has already said, must 
be regarded as representative of a parallel branch to the existing 
birds and not as their ancestor. Similarly, it might be argued 
that in this respect the Palaeognathie were more nearly reptilian 
than any other group of birds. 

It may be stated, however, that the Swan (C. buccinator) has 
four more cervicals than the Ostrich, while the sum total of its 
vertebrae comes to 53, so that as regards the total number in the 
various groups of Palapognath® there seems to be no such number 
as to render their derivation from a volant ancestor a matter of 
impossibility. 

The Dorsal Veriehrce . — In the genera Strntkio^ Rhea^ Casuarius^ 
Dromaus^ xipteryx, Dinornia^ Emeus, Anomalopteryx, and Pachy- 
ornis the dorsal vertebraj have a more completely free and 
independent existence as regards their spinous and other accessory 
processes than can be noted in any other birds 1 am acquainted 
with, with the possible exception of Aptmmisixwii Diaphor apteryx. 
On the other hand, in the Tinamous the said vertebrae, wdth the 
exception of the last, have no such free and independent existence, 
there being a very conspicuous synostosis affecting the spinous 
processes. It may also be noted that this free condition of 
the dorsals in all the genera quoted above, with the possible 
exception of the Ostrich and Kiwi, is correlated with an entire 
absence of a pygostyle. 

Pygostyle . — As i.s well known, in almost all the Neognathao 
the Inst six or seven caudal vertebree coalesce into a subtriangular 
upright plate of bone which goes by the name of the pygostyle 
or ploughshare bone, and which gives attachment to the tail- 
feathers. 

In Rhea, Casuarius, JJromcms, Emeus, Dmornia, Pachyoruis, 
and Anomahpteryx there is no trace of a pygostyle as far 
as I have been able to discover from the material available. 
In Apteryx it has been said to have been occasionally observed 
(Newton, 1893-3 89(1), but all that Jeffery Parker (1892, p. 78) 
says about it in the chick at the time of hatching is “but the 
46th or laat vertebra of tlie entire series is a broad trough-like 
l>one, somewhat resembling the pygostyle of many birds.” There 
is not a trace of it in the mounted skeleton in the British Museum. 

In the Ostrich the most distal caudal vertebra is so inodihed 
that there is an approach to what might be regarded as the 
commencement of a pygostyle. The caudal vertebne anterad of 
this do not exhibit to my mind any modification in this direction. 
But the Ostrich uses its wing in an attempt at a soi*t of pseudo- 
filight and presumably uses its tail to steer with . Its tail- feathers 
are well developed. 
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The evidence, then, for a previous existence of a pygostyle in 
the Struthiones does not appear to be very strong, and one 
would have been inclined to the view that had tliese birds 
originally possessed a tail comparable to that of the flying 
Neognatha) it would at least have been retnined by the more 
cursorial as an aid to balance and steering, not necessarily in its 
original perfection, but in some modified and practically useful 
shape, 8 pygostyle may be a secondary modification. 

Newton, however, to quote him again, says: — Ilesperornis, 
the Ratitaj, and Tin.^midaE) retain, even when adult, thirteen free 
caudal vertebrie, which diminish in size towards the tip of the 
tail, and thus these birds present in that respect an embryonic 
condition, though it is more probable that in them the absence of 
a pygostyle has been brought about in a secondary way by the 
gradual loss or reduction of once strongly-developed rectrices, 
than that it should be the retention of a primitive feature.^' 

Why the Tinamous, however, some of wdiich fly well, should 
have parted wi til strongly-developed rectrices”* and a pygo- 
style it is difficult to see. 

Tub Intestinal Tract. 

As is well known, there is a very considerable degree of 
variation in the form and complexity of the intestinal loops and 
tracts as met with in birds, and Beildard and Gadow by their 
prolonged researches demonstrated the taxonomic value of this 
aspect of avian morphology. 

Chalmers Mitchell (189(> and 1901) continued this work in two 
classical and exhaustive papers on the subject, and perliaps the 
most valuable feature of his investigations was that they were 
carried out subseiiuent to a preliminary enquiry as to what 
might bo justly considered the ancestral or generalised type upon 
which all the various modifications characteristic of the many 
avian groups had been moulded. Yery briefly stated he foun<l 
that the condition of the gut in Palamedea cornuta — the Homed 
Screamer of South America — might be taken as closely repre- 
senting the ancestral type. “ I propose,” he said, “ to call such 
a condition ‘ Arch icon trie,* implying that it represents a primitive 
ancestral, or central condition, from which the condition to be 
found in other cases have diverged.” 

In the two papers cited he gives flgui^s illustrating the 
arrangement of the intestinal tract in ftwwarma, Struthio^ Ehea^ 
Apteryx, and the Crypturi. 

As regards the first four genera, with which may be included 
DromatuB as only differing from CoauariuB in minor modifications, 
he goes on to my ; — When correction has been made for the 
obviously homoplastic modifications in the intestinal tract of the 
Ratites— that is to say, when a reduction has been made in 

• Beddard (1898, p. 492) mya ; There are, at most, faint traces of a plough* 
share hone in the Tinamou.** 
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the cose of the larger forms for size and in the case of the 
herbivorous forms, — it is plain that while all are archicentric^ 
the Oasuarii are by far the least modifiefl, and that in this, as in 
many other characters, they deserve the position assigned them 
as extremely primitive types. Struthio and Ehea are more 
modified, and tlie modification is in the same direction in each. 
Apteryx stands somewliat apart from the others, the specialisation 
of the supraduodenal loop being well marked in it. 

“The general character in all, however, is so plainly archicentric 
that no argument can be drawn from the intestinal tract for or 
against the poiyphyletic nature of the group.’* 

As regards the Tinarnous he finds that the type of the intestinal 
tract “is markedly apocentric,” and that it is as possible that it 
might be derived from the Ratite gut as from tliat of any otliei* 
archicentric form, but that, so far as the character of the intestinal 
tract goes, there is no special reason to associate the Tinarnous 
with the Ratites, nor, for that matter, with the Oalliformes. 

The Ventricular Moderator Rand. 

Heddard, in liis ‘ Structure and Classification of Birds,* calls 
attention to the interesting fact that Rolleston, in his Hunterian 
lecture, described and figured a muscular pillar in the heart of 
the Cassowary which unites the free and fixed walls of the right 
ventricle, an<l to which he gave the name of the moderator band. 
It was Rolleston’s suggestion tliai this moderator band, which is 
also found in Deer and other running animals, was a mechanism 
for increasing the power of the ventricle to contract, thus 
ensuring a more rapid and regular flow of blood into the lungs. 
It is, in fact, as is now well known, a characteristic feature of 
the heart of running animals. 

Tliis band may, of course, have been independently acquired as 
the result of the necessity for a free-running habit secondary, as 
some would say, to the loss of flight, but it appears to me just 
as likely, if not more so, that the moderator band might have 
been directly inherited from fast-running and reptilian ancestors. 

The Syrinx# 

In reptiles there is no specialisation of the tracheal or bronchial 
rings at the bifurcation of the trachea corresponding to that 
which forms the voice-organ or syrinx of birds, to which class it 
is entirely peculiar. It says a good deal, therefore, for the 
reptilian simplicity, or want of difterentiation, of this part of 
the respiratory tube in the struthious assemblage that it was 
formerly maintained by authors that a syrinx did not exist in 
this order. That such an asseiiiion was incorrect was amply 
demonstrated by Forbes (1881, p. 778), but, nevertheless, the 
syrinx of the Ostrich iStruXhio) is so simple and ^neralised that 
it di&rs from the most simple or typical of all avian voice-organs 
Peoo. Zool. Boo* — 1928, No* XVI. 16 
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in the absence of tracheo-broiichial muscles as well as a pessulus, 
while the amount of spec ialisfit ion of the last tracheal rings is 
reduced to the smallest possible amount. 

The genus Apteryx , says Forbes (^oc. cit,), “ in tlie simplicity 
of its lowei’ larynx (syrinx) stands on the same level as fStruthioJ^ 
In Casuariits and Drommm we have exhibited an advance 
beyond Sirathio or Apteryx in the evolution of this specialised 
portion of the trachea, while in the llhea there occurs a condition 
of things as to the syringeal nature of which there can be no 
mistake. It is plain, therefore, that in the living members of 
the Struthiones we have, as regards the organ nf voice and its 
complexity, not only no evidence of degeneration, but obvious 
instances here and there of an ascent from a simple geneiulised 
organ to one which merits beyond any doubt the right to be 
characterised as a true syrinx. 

Phylogenetic ok Systematic Status of the Stkutuious 
Assemblage and the Relation thereto of the Tinamous 
(Crypturi). 

The length to wliicli this paper has already, and of necessity, 
attained unfortunately precludes anything but the briefest 
.summing up of this interesting and important problem. 

As pointed out by Prof. Newton (1893- 189G, Introduction, 
p. 100), the great novelty of Prof. Furbringer’s treatment of the 
Rati tie (‘ Untersuchungen zitr Morphologie imd Systematik der 
Vogel,’ 1888) does not lie in a denial of their existe)ice as a 
distinct subclass, but in his demonstration of their being the 
retrograde descendants of volant ancestors and in tlie view that 
they diverged at different epochs, so that the various coni[K>nent 
groups are not homogeneous but each had an independent 
pedigree. Have we, then, in the face of this authoritative 
pronouncement, any right to regard the struthious assemblage as 
a natural group, and, if so, what is the exact relationship borne 
to it by the Tinamous '< 

Stating the case as briefly a.s possible, we are faced with the 
fact that on fewer than seven divisions or families of that 
assemblage, commonly known as the Moas, Rocsf^pyornithidte), 
Kiwis, Emus, Cassow^avios, Ostriches, and Rheas, nearly all of 
them occupying areas of distribution which are almost as isolated 
as it is possible to conceive, are characterised by the possession 
in common of a long series of morphologically similar features. 

In the possession of these anatomical characters they not only 
differ from any other group of existing birds, but it seems 
impossible to resist the conclusion that the characters bear the 
undoubted impress of a primitive and reptile-like stamp. 

Under such headings as “ Feather Structure,” “ The Palate/' 
The Quadrate," “ The Sternum,” and “ Ooraco-scapular Bar," 
some of these characters have already been noticed and described 
in some detail, while some fresh observations have been made. 
We may here briefly refer to others, such as the reptilian 
conformation of the pelvis, the late closure of the cranial sutures, 
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the frontal exposure of the ethmoid, the large size and relation- 
ship of the basipterygoid processes, the absence of a pygostyle 
and a tufted oil-gland, and the presence of sternal callosities’*^. 

It would, fjowever, be quite feasible, and possibly justifiable, to 
argue that the possession of such characters in common only 
prove one thing, viz., the primitive or pala'ognathine origin of all 
the groups in question; for it is obvious that the possession in 
common of a long series of primitive or reptilian features might 
not necessarily inditMite descent from a common ancestor or that 
the Htruthiones represent a natural order t. 

When, however, as often happens, we are faced with a 
predicament of this kind and, while having at hand an accumn- 
hiting mass of evidence all apparently pointing to one pi-obahle 
conclusion, are yet in doubt as to the tinnl verdict, it is often an 
apparetitly insignificant fact, oi* a series of them, which finally 
brings down the scale to one side or tbe other. 

J will mention two or tliree such facts : — 

( 1 ) In the Kiwis of New Zealand (Apft^ryx)^ tlm sciatic artery 
and nerve are su])prncial to ami run parallel with the insertion 
of the accessory femoro-camlal muscle, along the iinea aspera of 
the femur, an in vfosi hinh ; hut they perforate the muscle near 
Ihe sciatic notch, leaving a small portion of it above them, a 
perforation only to he noted in the rest oj ihe Struihione^ and in 
the Tinamons {cf, ihiVvoiX^ 1873, p. 643). Moreover, this perfora- 
tion is correlated with the very peculiar and additional accessory 
femorocaudal muscle only met with in these two groups of birds. 

(2) All the Stnithiones have cjeca which, unlike any other 
)>irds known, are inserted into the rectum by a common orifice. 

(3) There is a certain physiological character — the habit of 
“ kicking forwards ” possessed, ns everyone knows, by the Ostrich 
{Strnthio) of Africa, Such a character, taken hy itself, would 
naturally appear to have little genetic importance. When, 
however, we fimi that it is possessed hy no other birds except the 
Uhea of South America, the Kmu of Australia, or the Kiwis of 
New Zealand, it is hound to arrest our attention, for it seems 
inconceivable that this habit of attack or defence could have been 
independently acquired in four widely separated countries. 

(4) There is a remarkable similarity in nesting habits, 
espe<*ially in the behaviour of the cock bird, in all the struthious 
families except that of the Kiwis, which are very specialised as 
regaids their mode of life. 

Natliusius found such pnictical identity in the structure of 
the eggsliell between lihea and Dinornis that lie proposed to 
place tiiem in the same genus. 

(5) The habit of falling forwards and resting on the forepart 
of the sternum (sternal callosity)— crouching, in other words — is 
very characteristic of the Struthiones. Fossil imprints lead to the 
assumption that some bipedal dinosaurs did tbe same. 

• Til Apttryx there is un iiidiciition only of a callosity. 

t Nodiflcutaion of the Hlvic and liindliinb has been attempted as this would have 
xjarried this paiicr to too great a Iciigtb. 

1 



244 Mil, P. K. LOWE : SrUDIES AND OBSERVATIONS BEARING 


Taking, then, all these similarities, both morphological and 
physiological, it seems altogether inconceivable that they would 
have been possessed in common, and in such a remarkable degree^ 
by the various struthious families had these last diverged, as 
Fiirbringer maintained, at different epochs or even different 
geologic horizons. Not only are these similarities very remark- 
able, but it seems even more remarkable still that in families 
separated by such vast distances of space and time specialisation 
or moditication is not more evident than it actually is. In a 
word, is it possible to believe that all the groups which we have 
mentioned above are so many isomorphs ? 

The Tinamous, on the other hand, although presenting so 
many Pala*ognathoiis, if not struthious, chai*acters m«y well be 
regarded as having diverged from the avian stem at a later epoch 
than the 8truthiones ; for in all those structures, osteological or 
myological, concerned with the function of flight and including 
even the perfected volant armature of the feathers, they are 
“ Neognathous,^’ using that term as synonymous witli “ carinate.” 
so that here, indeed, and in all probable truth, we get the 
manifested result of a more recent origin from the avian stem, 
viz., specialisation or evolution in the direction of flight. 

Home Conclusions 

(1) That the distribution in time anti space of the HtiTithiones, 
especially as concei’ins the typical ostriches (Striithw and its 
allies), enhances the importance of these birds as a subclass^ 
sharply differentiated from all other birds. 

(2) That feathers merely represented by scale- protected downy 
protoptyles were acquired when the primitive bird was still non- 
volant. But for these feathers the proto-avian fore-limb must 
have been closely similar to the fore-limb of its putative co-lateral 
Pseudosuchian reptilian ally. It is, I believe, from such aii 
early stock that the Htrutliiones were directly derived. 

(3) That, contrary to the opinion expressed by Fiirbringer, all 
the evidence points strongly to the conclusion that the Htruthiones 
represent a perfectly natural group descended from some common 
ancestor which left the main avian stem before flight bad been 
attained. 

(4) That where degeneration, retrogression, or specialisation 
has taken place in the struthionic fore-limb it has been a 
degeneration, retrogression, or specialisation of the primitive, 
generalised non-volant sauropsidan fore-limb and not of a volant 
carinate wing. 

(5) That the characters which constitute the general make-up 
of the Htruthiones represent, practically invariably, primitive. or 
almost “ embryonic ” characters indicative of an early phase in 
the evolution of the true bird ; and that to regard such characters 
as degenerate or retrogressive is not justified by the evidence. 
In a word, the Htruthiones represent persistent primitive types* 
only secondarily adapted for a special mode of life. 
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(5) Tlmt the adults of tlie existing Strutliiones aie clothed in 
prepennal down arul Inive not reached a much more advanced 
stage of development than the downy chick of a fowl. 

(7) Archaeopteryx and Arch(jtornis^^ are regarded as having 
left the main avian stem at an earlier (more reptilian) stage of 
evolutionary progress than the Strutliiones ; that they then 
became specialised for an arboieal existence, hut, although 
successful in developing volant wing- and tail-feathers, failed to 
attain to the accomplishment of anything hut a gliding form of 
flight, and, in fact, prov^ed to he one of Nature’s blind-alley 
failures. From the point of view of the evolution of perfect 
flight they may, in practical fact, he ranked as having gone one 
or more better than the Pterosaurs and one or more less than the 
true volant birds. 

In conclusion, I would like to take this oppor-tunity to express 
my very great indebtedness to Miss jJorothea Bate, in charge of 
fossil birds in the Department of Geology, British Museum, for 
the ready and valuable assistance she has continually given me in 
the preparation of this paper. To Colonel M(nley Knight I am 
indebted for the fine series of Rhea embryos which he specially 
procure<l at my re(jue**t, and to Ijord Rothschild for his constant 
interest and the loan of a splendid serie.s of fossil rails. 
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EXPLANATION OF THE PLATE. 

Under surface of wing of Rhea chick, seven to ten days old, to illustrate a 

primitive wing (prepennal stage) or the apparent limit of wing-development 

reached by the Struthiones. 

Note: (a) The complete absence of a patagium and (6) of any sign of degeneration 
as regards feathering. 

(c) The axillary bare space. 
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12. Tuberculosis in Marsupials. By H. Hakold Scott, 
M.D., F.R.C.P.Lontl., F.Z.S., Milner Research Fellow 
in Comparative Patbolooy, London School o£ Hygiene 
and Tropical Medicine; Pathologist, Zoological Society 
of London. 

[ltc*Cfcive<i March 5, 1028 : Head March 20, 1928.] 

(PJ.ites J.-lIl.*) 

There are two main reasons for placing the following case on 
recoi’d in greater <letail than is given in the loutine account of 
autopsies carried out in the Prosectorium. 'J'he first is that 
Tuberculosis is by no means common in Marsupials, and is raier 
still in the larger species, judging by the records oi post-mortem' 
examinations on animals dying in the Gardens ; secondly, the 
type of infecting bacillus, as determined by Dr. Stanley Griffith, 
to whom some of the tissues were sent, was the Avian. 

1 have searched the records from the beginning of the present 
century, and can find fourteen referied to prior to that which 
forms the chief object of this paper, and one which received a 
brief note in the post-mortem records but is not referred to in 
the pathologist’s report. Thus the total, if all are cases of 
genuine tuberculosis, amounts to sixteen since 1900 at least, and 
it will be seen that there is more than a little element of doubt 
in some of these. 

Tlie following is a complete list of all the marsupials diagnosed 
as exhibiting tuberculous lesions : — 

1. 1905, Dormouse-Phalanger, 

2, 1908. Opossum (? Azam's), Didelphis azarce, 

8. 1908. Rat-tailed Opossum, iJidelphys mulicaudata. 

4. 1908. Ring-tailed Phainnger, Pseudochtrns peregrin ns. 

5. 1908. Vulpine Phainnger, Trichosurvs \mlpecnla. 

(>. 1908. Rabbit-eared Bandicoot, VeragaXelagotis, 

7. 1909. Bennett's Wallaby, J/acroji;M^ 

8. 1910. Bennett’s \ValIa by, 

9. 1911, Bennett’s W’nllaby, J/rtcro/w« 

10. 1914. Tree- Kangaroo, JJendrolagus nf sinus, 

11. 1914. Viverrine Dasyure, riremniis. 

12. 1916. Lundie Opossum, 

13. 1916. Rat-Kangaroo, Bettonfjia penicillata- 

14. 1923, Rufous Rat-Kangaroo, rw/e«ccMs. 

15. 1924. Rufous Rat-Kangaroo, ru/escews. 

16. 1927. Kangaroo Island Kangaroo, 

♦ For explanation of the Plates, see p. 256, 
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It will be seen that nine of these are the small marsupials and 
only seven the larger — namely, three Bennett’s Wallabies, a Rat- 
Kangaroo, two Rufous Rat -Kangaroos, and one Kangaroo Island 
Kangaroo. 

The records of most are very scanty, but for purposes of future 
comparison and research it is thought advisable to give them 
here, such as they are, and so obviate the necessity for future 
investigators delving in past records to find what, in some of 
them at least, are very small needles in large bundles of hay. 

1. The first is the Dormouse-Phalanger. This animal died on 
January 6th, 1905, having been in the Gardens 5 years 8 mouths. 
Beyond the single remark “Tubercle of liver ” no details at all 
are given. 

li. Opossum, dying on January 6th, 1908. Length of stay in 
the Gardens is not stated. The cause of death is given as 
Pulmonary tuberculosis. In botli lungs were many scattered 
miliary tubercles, and the cervical glands were enlarged. Kc> 
mention is made of any microscopical examination, either of 
smears or sections. 

3. Ring-tailed Phalanger, dying on January 20th, 1908. 
This was a recent arrival, having been here only a fortnight. 
The lungs presented “several yellowish nodules, apparently on 
the outer surface of both lungs, raised above the surface. Lungs 
very congested otherwise. Other organs quite liealthy.’’ In 
this case microscopical examination was carrieti out and acid-fast 
bacilli seen. 

4. Rabbit- oared Bandicoot, 2 months in the Gardens, which 
died oil August 8th, 1908, of “ Pneumonia of the left lung and 
enteritis,” There was “ early tubercle ” of the spleen noted, the 
organ being enlarged and soft and “some very early miliary 
tubercles were present.” No microscopical examination is 
recorded to confirm this. In view of these facts, that the spleen 
was the only organ involved, that only early miliary tubercles 
[unconlirmed l were present, it is possible, in the absence of 
microscopical examination, that the splenic enlargement was 
secondary to or associated with the enteritis and pneumonia, and 
that prominent Malpighian corpuscles were mistaken for “ early 
tubercles ” — a far from improbable error, 

5. Rat-tailed Opossum, dying on September 2nd, 1908, after 
a residence of one year in the Gardens. In this instance the 
lungs, spleen, and kidneys were affected. Though again in this 
case there was no microscopical examination made (or at least 
mentioned), the characters of the lesions render the diagnosis 
almost certain. “ Lungs : Right lung full of tubercular nodules, 
one of which was adherent to the chest-wall. . . . The left lung 
had also a certain number or tubercles ot a smaller size. Spleen 
was enlarged, l|xl inches, and full of tubercular deposit. 
Kidneys : Both kidneys were full of tubercles and were acutely 
inflamed ; in the right there was an aliscess.” 
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6. Vulj)ine Plialanger, 4 months in the Gardens, dying on 
Octoi)er 23rd, 1908, with “tuhercular abscess of lumbar glands.’* 
There was a large abscess infiltrating the right psoas muscle and 
extending from ribs t(j pelvis. The contents were thick, caseous, 
and inspissated pus. The spleen was enlarged and full of 
caseous nodules,” while tlie intestines uere “bunched up and 
adherent to tlie abscess wall.” 

In this case also, there* is little doubt, in spite of the fact that 
no microscopical examination was made, viiat the condition was 
tui>erculous. 

7. Hennett’s Wallaby, 7 months in the Gardens, died on 
January 31st, 1909. The lesions noted in this instance were 
“ in the right h.he of the liver a barge caseating mass, li in. in 
diameter, several smaller luxlules scattered through the liver, and 
a group of mucli eidarged glands in the fissure. The mesenteric 
glands were enlarged and many were caseating.” Very probably 
tuberculous and diagnosed as such, but without confirmation by 
m i <n-oscopica 1 examination. 

8. The following is not menti<med at all in the Annual Report, 
but is recorded in the individual autopsies. A Bennett s Wal- 
laby, nearly 2 years in the (wardens, was killed on May 2nd, 1910. 
The information on this is very meagre; all that is stated is 
“ ahsces.s under jaw% tubercle of spleen.” “ Spleen full of tuber- 
cular nodules, miliary.” Tliere was no microscopical examination 
made. This might ]»ossibly have been tuberculous, but a con- 
dition such as this lias been found fairly frecjnently iluring the 
last tliree years, due not to tuberculosis hut to Nocardial infec- 
tion, going by tlie name of “ Kangaroo Disease.” A special jiaper 
recording several cases was read before the 8oci(dy in 1925 *. 

9. Another Heimett’.s Wallaby died on January 30tli of the 
following year. Concerning this also there is moie than a little 
doubt, 'fhe only facts noted are that it died of “ broncho- 
pneumonia, nephritis, tubercle of spleen,” and that the spleen 
was “ congested and contained a number of tubercles of small 
size.’’ No microscojiical examination made. Tlie doubt arises 
because no primary focus was found, miliary tuberculosis of the 
spleen alone is pathologically inconceivable in a mammal, and 
there was no confirmation as to any acid-fast bacilli being 
present. 

10. On February 16tb, 1914, a Yiverrine Dasyure died of 
General tuberculosis after being in the Gardens for 9 months. 
The post-mortem findings ai'e recorded in the. following terms : — 
“ Lungs very large and pale. Liver, spleen, kidneys, and intes- 
tines involved in A mass of tubercular growth ; the spleen was 
enormous, 3| x 1 ^ X 2 inches, and full of large nodules. Mesenteric 
glands very large. Intestines covered with nodules.” No micro- 
scopical examination. 

• H. Harold Scott, '‘A Streptothrix Diteast of Wallabies/' P. Z. S. 1925, 
pt. 3, pp. 799-814. 
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11* Tree-Kangaroo, 5 years 5 months in the Gardens, died 
November 29th, 1924. At the pyloric end of the stomach were 
several ulcers with undermined edges, and one of these was 
“adherent to a mass of caseating glands.*^ The mesenteric 
glands were very large and caseating. Death was ascribed to 
“ tubercular glands and ulcers of stomach,” but again in this case 
there was no microscopical examination made. 

12. Lundie Opossum, 7 months in the Gardens, dying June 
16th, 1926, the cause of death being stated as “Tubercle of 
lungs and glands.” There were numbers of milia in both lungs, 
but more in the left, while the bronchial glands were much 
enlarged and “ lull of tubercular deposits.” Again no bacterial 
confirmation. 

13. Kat-Kangaroo, 8 years in the Gardens, dying nine days 
after the last, on June 25th, 1916, with “ tuberculosis of lungs 
and spleen.” Tlie “ lungs contained many tubercles,” and there 
was a single deposit on the edge of the spleen. No microscopical 
examination. 

No more cases were found during the succeeding years, and the 
next instance recorded was by Dr. Lucas in 1923. 

14. A Rufous Rat-Kangaroo, 14 months in the Gardens, 
revealing at autopsy “many small aliscesses in the liver,” and a 
swollen mesenteric gland “full of greenish pus which contained 
tubercle bacilli.” It was with reference to this case that Dr. Linias 
wrote in his annual report^: “There was also a case of tuber- 
culosis in a Kangaroo- Rat. It is doubtful whether tuberculosis 
in a marsupial luis been recorded previously.” 

15. In the following year another Rufous Rat-Kangaroo, 
which had been 22 months in the Gardens, died from tuberculosis, 
apparently of respiratory origin, the lesions being limited to the 
thorax. The left pleura wrs adherent, the left lung pale and 
solid, and when cut was noticed to be fibrous and white. 
The right lung was congested and full of soft caseous abscesses 
not mucli larger than a pin's head. Tliese were found full of 
tubercle bacilli.” The lungs were sent to Dr. Stanley Griffith, 
who will probably record the type of organism associated. 

For ease of reference the records which have been detailed 
above are here presented in tabular form. It v/ill be noticed that 
prior to 1923 in only one instance, the Ring-tailed Phalanger 
(No. 3), was any microscopical confirmation obtained, and this 
animal had been but a fortnight in the Gardens before it died, 
and therefore cannot have contiacted the disease th'»'re, 

• N. S. LucaH, “Report on the Deaths which occurred in the Society's Gardens 
during 1923," P.Z.S. 1924, pp. 293-296. 
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Bettongia penicillata 8 year^i. spleen. 

JEpyprgmnus rnfescens ' 1 } ear 2 months. Liver, one mesenteric ffland 

^pgprymnus n^eseenst . 1 year 10 months. Lungs. 
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The details of the case met with in 1927, the findings in which 
have instigated the present paper, are as follows : — 

A female Kangaroo Island Kangaroo, Macroptis fuliginosus^ 
diotl on Septemher Mrd, 1927, liaving arrived at the Gardens on 
June 19th, 1924. After a brief period of quarantine in the 
Samitoriiim the animal was ])laced in the Kangaroo Sheds. 
Nothing was latticed to be wrong, there was little or no emacia- 
tion, and food was taken well up to the day on which it was found 
dead. At autopsy, which was carried out within an hour or two 
of death, old ])leural adhesions were found on both sides, firmer 
and more extensive over the left lung, but not infiltrated with 
tubercles. In the lungs were sparse milia, but fairly equally 
distributed, 'fliero were some pleuro-perieardial adhesions, but 
the heart itself was normal. The thyroid was not affected. Tlie 
intestine was macioscopically normal : there w.as no sign of any 
tuhcjvulous infection of the alimentary tract, the mucosa being 
apparently (piite normal and healthy. This is interesting in view 
of tlm lymphatic involvement. 'J'lie liver, pancreas, and ovaries 
were unalTected, as were also the kidneys themselves, thongli in 
the angle just beneath the left adrenal there was a large caseated 
gland. The spleen vas not obviously enlarged, but there weie 
foci of deposit in its interior. The brain and meninges weie 
intact. 

The interest of the case is centred in the multiglanduhn* 
involvement by tuberculosis. The axillary glainls on the rigid- 
side were enlarged and full of creamy, clieesy pus. One of tlicse 
had become adherent to the shoulder- joint, and into this the 
abscess ba<l opened so that the joint itself was distended with 
<*rea,my pus, in ])avts caseated. and the surfaces of the articulating 
bones were a little eroded. There was a caseous abscess on each 
side of the top of the manubrium sterni involving the sterno- 
clavicular joints. At tlie root of the ii€\;k, by the left side of tlie 
tnichea, was a glandular mass as large as a tennis-ball, converted 
almost into a .sac of pus, and the cervical glands above it were 
swollen and purulent. There were no lesions in the mouth and 
the tonsils were liealthy. The iliac and lumbar glands were 
enlarged and caseate<l, as were also those lying along the abdominal 
aorta, and at the coeliac axis they were aggregated to form an 
adherent caseous mass The spine was intact ; no tiiberoulous 
disease of the vertebra* was discoverable, as may have been the 
case in No. 6, the Vulpine Phalanger, causing the psoas abscess. 
The thoracic duct was stuffed with caseous pus. 

Smears were made from the pus in the shoulder- joint and that 
in tlie sterno-clavicular articulations, from the various gland- 
sites, the thoracic duct, the pulmonary lesions, and the spleen, and 
in all of tliem tubercle bacilli were present in enormous numbers. 
The thoracic portion of tlie body with its glands has been 
mounted as a permanent sjiecimen, and f l agments from the glands, 
spleen, and lungs were taken for microscopical examination ; 
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portions of the organs were also sent to Dr. Stanley Griffitii, who 
kindly wrote reporting that tlie Vmcillus isolated therefrom had 
proved to be of the A inan type» 

The inacroscopical appearances are shown in Pis. I. to 311. 
Microscopically, the glands^ when sections were stained by the 
Ziehl-Neelsen method, were seen to be packed with iiiniinierable 
acid-fast bacilli; no giant-cells were seen. Larger cells ('^endo- 
thelial) are seen stufied with bacilli. The clumps of bacilli are 
evenly distributed throughout. Spleen: Jn the central parts 
there is caseation and necrosis; surrounding this the bacilli aie 
massed in enormous numbers, which render the glandular splenic 
tissue unrecognizable. Towards the jieripluuy they are still very 
numerous, but not so crowded as in the interior, and the spleen 
tissue call be distinguished. Again here no giant-cells are visible. 
Lttng : The liacilli are focal ly distributed and, when present, are 
aggregated I’ound the blood-vessels, not in the vessels themselves, 
nor are any seen in the aheoli, but occasionally in the w^alls of 
the latter, as would he expected in distribution, by way of the 
juilmonary arterioles; but the majority are perivascular, ami aie 
(!leavly seen in the lymph-spaces around the blood-vessels, where 
these are cut transversely. 

There can be little doubt that the primary portal of entry was 
alimentary. It would appear that the infection was one I’epeated 
in small (juantitics at fre(juent intervals, if we may argue from 
the facts that iuvolvemeiit of the abdominal glands — mesenteric, 
lumbar, iliac, cudiac— was severe, wlierens the mucosa of tlie 
intestine reveahnl no lesions. The thoracic <lucl was practicall}^ 
blocked with tuberculous deposit, ami the pulmonary involvement 
was but slightly distribute<l, showing that tlie blockage of the 
thoracic duct was fairly complete ; to the naked eye the eliaracters 
of the lesions in the lungs were those of small milia. The 
general lymjdiatic distribution was evidenced not only by the 
extensive glandular involvement, but also by tlie presence of 
the accumulations (in the lungs) in the peii vascular lymph-spaces. 
Firiedy we may say that the infection was practically confined to 
the lymphatic system, t,he pyarthrosis of the right shoulder 
resulting from the opening into the joint of an abscess in an 
axillary gland which had formed adliesions to the capsule. 

The cpiestion naturally arises as to tin* source whence the 
infection can have been contracted. Researches of recent times 
have tended to demonstrate the increasing importance of birds as 
conveyors of tuberculosis to mammals. In the Kangaroo Sheds, 
sparrows and other birds are (juite comm only ’.seen, and it is 
possible that the soil of the sheds has become infected by their 
droppings. Seeing that the animal had been in the Gardens for 
more than three years without presenting any symptoms, it is 
highly improbable that it was infected before arrival. Moreover, 
as stated above, the signs weie indicative of frequent infection by 
bacilli in small numbers setting up a chronic disease rather than 
any massive dose causing acute tuberculosis. 
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EXPLANATION OF THE PLATES. 

PLi.TB I. 

Fip^. 1. Photof^rapli of the lesions in the abdomen showing the enlargement of the 
lumbar glands, the swollen lymph-duct, ana the mass at the cmliac axis. 

Fig. 2. Photograph of the thoracic portion of the body showing the enlargement of 
glands in the thorax and at the root of the neck, with the large caseated 
mass to the left of the trachea and the cervical glands above it. 

Fig. 3. Photograph of the bones of the right shoulder-joint showing the small 
erosions of the scapular surface. 

Plitb 11. 

Fig. 4. Section of gland crowded with acid-fast bacilli, the large cells being stuffed 
with them. There are no giant-cells seen. This crowding of mononuclear 
cells with bacilli reseuihlcs the stuffing of lepm cells with Hansen’s bacilli 
in leprosy and is very frequent in avian tuberculosis. 

Fig. 5. Section of spleen (low magnification) showing the caseated centre, the 
periphery crowded with acid-fast bacilli : the splenic tissue is recognizable 
only at the outer parts, where tho bacilli are not so numerous as to mask 
the structure of the gland. 


Plate III. 

Fig. 6. Section of lung showing the perivascular distribution of the bacilli with 
small -cel led infiltration. Giant-cells were present, though few, in tins 
section, but they contained carbon particles and not acid-fast bacilli. 

Fig. 7. Another ticld of the same section, under higher magnification, showing a 
vessel cut transversely and tho ])envascular distribution of the bacilli 
among the infiltrated small cells. 

The first and third photographs were taken by Mr. F. H. Bond, all the others by 
Mr. F. Martin-1 )uncttii, F.K.M.S., F.Z.S. I am greatly indebted to both these 
gentlemen for the care they have taken to reproduce the conditions present. 
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1. Systematic. 

Tho giant Octopus ropresentod by specimens from Dunedin 
and desciibed as /uaoruin by Hatton has received a fair 

meesure of attention from systianatists. A recent examination 
of two specimens of this interesting form in the British Museum 
has shown, howevtu*, that it is in many resjiects more remarkable 
than uas at lirst su>[)ected. For this reason 1 publish a com- 
plete desciiption of its more important feature.^, and assign to it 
a position as the type of a new subgonus. In tlie course of a 
revision of the C)ctopodida‘, in which I am engaged, 1 ha\e been 
convinc(*d of tlie neci\ssily of intro hieing a re-arrangement of 
the nuim rous speu ios assigned to the genus Octo'pKS^ and for the 
time being it seems desirable to treat as suhgenera the various 
distinct groups which can he distinguislied wdthin the latter. 

M ACiiocTOPUS, subg. n. 

Octopods having the web large.st between the dorsal arms and 
diminishing jirogressively in the suhseipient interspaces. The 
sc[)tain is veuy extensive, and the orifice between right- and left- 
hand parts of the mantle-cavity is very small. The funnel- 
organ is absent, ami the cephalic element of the locking apparatus 
is reduced to two small ridges on each side of tho funnel. The 
head is very narrow. The gills are long and have 13-14 lila- 
ments aside. Tlie sexes arc tlimorphic in that the suckers of the 
distal part of the arms in tho female are reduced in size and con- 
verted into [»apilhc. 

Typo of the subgenus; Octoptf,$ maorum Hutton (1880, p. 1) 
(in the Otago Museum). 
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Octopus (Macroctopus) maorum Hutton. 

Octopus hectoris MS (? E. A. Smith), Brit. Mus. Oolln. 187i). 

Octopus maorum Hutton, 1880, p. 1. 

Octopus maorum Hutton, 1882, p. 162, 

Octopus maorum Parker, 1885, p. 586. 

Octopus maorum Filhol, 1885, p. 520. 

Octopus maorum Hutton, 1904, p. 57. 

Polypus maorum Suter, 1913, p. 1064. 

One specimen ( d ) fpom Dunedin, New Zealand (Brit. Mus. 

86.11.18.1) {Dunedin Musetcm ). 

One specimen {6) from Wellington, New Zealand (Brit. Mus. 

73.12.10.1) {Colonial Museum). 

Distribution. Dunedin {Jhitton); Stewart Island and Campbell 
Island {Filhol) ; Ly ttleton, etc. (6 w/er) ; Wellington {Brit, Mus.), 

The mantle (text-fig. 1) is narrow (the width is 39 per cent, of 
the length) and the head is very small, and, I think, the narrowest 
on record (26 per cent, of the mantle-length). 1'here is a marked 
“ neck ” and a clearly-defined preocular constriction. The arms are 
usually in the order 1, 2, 3, 4, and are 81-87 per cent, of the total 
length. The mantle-aperture is very wide (Tyj)e C : Dobsou, 1926). 
The gills iiave a greater number of filaments than is usual (13-14 
aside). The suckers attain a maximum diameter of 10 15 per 
cent, of the mantle-length. The web is unique in the genus in that 
it is largest in section 1-1 * and becomes progressively shallower 
from front to back. Section 1-1 is very much deeper than 4-4. 
'J'he lateral arm-extensions are equally developed on the anterior 
and posterior edges of the arm. The radula (text-fig. 2) The 
rhachidian has a symmetrical A ^ sequence (AV//>so7i, 1925). The 
adlateral has a very prominent cusp and a deep base. The second 
lateral has no entocone. Its heel is moderate ; but the base is ex- 
tremely deep. The third latend is sti*aight but has the extremity 
very much recurved. The marginals are degenerate and impei- 
feetJy seen. Hutton’s descrij)tiou (1882) is not wholly in agree- 
ment with the above. In particular, he figures a small ectocone 
on the second lateral. I think this is an error and that he mistook 
the prominent external angle of the tooth for a cusp. The 
septum is very long (20 per cent, of the mantle-length) ; 
reference is made elsewhere to the subdivision of the pallial 
cavity. The funml is only slightly prominent, and its free 
portion is only one-quarter of its total length. There is no funnel - 
organ and the organ of adhesion is very feebly developed. 
Instead of being formed of a complete transvei^se ridge cro.ssing 
tlie base of the funnel from side to side, it consists of a pair of 
small ridges at the inferior external angles of the funnel. The 
hectocotylus (text-fig. 3) is long and spoon-like, and its ligiila is 
furnished with obscure ridges. The penis (text-fig. 4) is very 
long and narrow. It has a moderately large and carunculated 

• The var[<^ui interspaces between the arms are indicated by the serial number of 
the arms enclosing each section. ’ 
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appendix. The peculiar reduction in size of the distal suckers 
of tlie female and their conversion into papiihe noted hy Sntev 
(;. r.) is, so far as J know, unicpie among Octojmda, though it is 
recorded in the male of 0. chierchke (cf, also b^ledonH). 

The external surface is smooth, but there aie ti-jmos of an 
obsolete sculpture of low, broad warts. In spirit the colour is a 
pale ochre marbled with greyish purjde. 

The structure of the web and funnel, the long penis and 
septum, and the extraoiilinarily narrow head are a combination 
of characters (piite unique in the genus. The heatl and mantle 
recall 0, maci^ojms somewhat, but the head is narrower and 
longer. The large specimen from Wellington does not difier in 
a very important degree from the Dunedin spotrimens. The 
mantle is not so elongate and is more saccular, but T am inclined 
to tbink that this is due to accidental distortion. The arms are 
notably longer, and the suckers are somewhat larger, the colour 
is more homogeneous and less marbled than in our Dunedin 
specimen. This specimen is larger tlian the avtuage exaniph^s 
recorded fiho largest example obtained previously measuring 
about 6 ft. 6 in. over all) {Varker^ 1. c. p. SSO). The larger 
specimen was labelled 0, hectorh^ which 1 am compelled to 
assume is an M8. name. It cannot be traced in any literfiture. 
It is an interesting point that it was labelled as hector I a,'' pre- 
sumably by Mr. E. A. Smith, in 1873, and the MS, name of the 
species, which thus ante-dated Hutton’s by seven years, may 
be due to him. 


Dimensions (in mm.) : — 

No, 1. 

2. 

Total length 

030 

1700 (5 ft. 8 in.). 

Arms, length IjI 

700 

— 

2 

550 

.... 

3 

000 

— 

4 

660 + 


El 

704 

1400 

2 

050 

1490 

3 

400 (beet.). 

820 (hect.). 

4 

630 + 

1255 

Web, aims 1~1 

143 

— 

1-2 

138 

214 

2-3 

116 


3»4 

110 

105 

4-4 

90 

100 

Mantle, breadth per cent, length 

39 

49 

Head, breadth per cent, mantle-length. 
Diameter of the largest sucker (as per 

26 

35 

cent, mantle-length) 

10 

15 


Length of hectocotylus (as per cent, 
mantle-length) 6‘2 8*0 
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2. On the Subdivision of the Mantle-cavity in 
MAciiocroprs, 

In tlio Oftopoda the ventral portion of tfie mnntle is joined to 
the visceral mass in iho mid-ventral lino hy :i median j^allial 
adductor musdo which arises fi-om the inner surface of ilie 
mantle and is inserted into the visceral mass just below the anus. 
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As I have recently pointed out (1927, p. 260), tins muscular 
sheet divides tlie man tie -cavity into a right and left cavity, and 
these are in communication with each other, as the septum 
formed hy the median adductor is incomplete towards the apex of 
the mantle. In preparing the short note alluded to above, I felt 
very uiicei'tain a.s to whether the septum formed by the adductor 
and the sid:)division of tiie mantle-cavity had any functional signi- 
ficance in itself and apart from the jiresence of the adductor muscle. 
It seemed (juite likely that the actual division of the mantle-cavity 
was fortuitous, though 1 pointed out that the septum was in certain 
forms very extensive and w’ns formed, not only by the muscle in 


Text 'figure 5. 



Mttntk-cavity of Octopus vulgaris, S. Septum formed by adductor nmnde, 

question, but also by additional sheets of connective tissue. Jn 
tlie course of an investigation of Mac^'octopua maortt^u ] have 
discovered in the latter a very remarkable modification of the 
septum which merits description. 

In Octopus vtdgaris, rugosus, and, in foot, in nearly all the 
forms of which I have examined the septum in detail, the latter 
assumes the form seen in text-fig. 5. Tlie adductor is inserted 
along the mid-ventral line of the inner surface of the mantle- 
cavity. For a considerable part of its extent its fibres lie 
parallel to the mantle-wall. Towards the anterior end of the 
latter they dip downwards, and are inserted over a fairiy 
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broad area of tlie surface of the visceral mass, apparently into 
the fascia that surrounds the depressor siphonie muscle on each 
side. The right and left parts of tlie mantle-cavity thus incom- 
jiletely separated are in connnunication through a large orifice 
which is hounded above and anteriorly by the adductor muscle, 
posteriorly and below by tlio adjacent viscera (kidney, gonad, etc.). 

In M. maoruin (text- fig. 0) a very different state of affairs is 
found. The septum is very extensive and the orifice leading 
from one side of the inanlle-cavity to the other is ver^ small, nor 


Text-figure 6 



is it bounded by the same organs ns in O, imhjaris. Anteriorly 
and above it is, as in vulgark^ bounded by the adductor ; but its 
inferior and posterior e<lges are composed of entirely new sti iic- 
tural elements. There is developed a longitudinal band of 
muscle which seems to be a branch of the adductor, though it 
obviously does not share in the function of that muscle. This 
forms a ventml and posterior partition of considerable extent 
which is absent in 0. vulgaris and its allies. Sheets of con- 
nective tissue further contribute to the area of the septum and 
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the rosiviotion of tlie orifice. The net result is that the mantle- 
(v.ivity is (lividtul into two by a very woll-devcloped septum, and 
the cominutiieation between the right and left parts is very 
much reduced. The only oilier example of this extension of 
the septum which J can find is in an example of Etderocioims 
mp()aJoc)f(i(hn(^, Whether this division of tin', mantle-cavity has 
any sp!*cial significance must remain uncertain. Jt may b(‘ 
purely secomlary and the result of tlie development of tlie 
<iddiictor muscle. In }facrocio}ms muorim, howevei*, the septum 
IS so large, and its increase is due to structural novelties that do 
not seem to be concerned in the original functions of the ad- 
ductor, that J am inclined to think that it has some special use 
or significance. Jn j\I acrociopvs maonm tlie structnrt^ of the 
funnel and the architecture of the mantlo-aperf ure are strikingly 
dificrent from that of O. imlgariR, In jiarticular, it is to be 
noted that the locking-ridge is very well develojied in vulgaris 
and is very weak and almost ab.sent in Dutornm, The general 
iiiipression obtained from a comjiari.son of Die two forms is of a 
very radical diflerence in the function of the mantle ami it.s 
derivatives as a [min|>ing a.ud locomotor organ. Jt should b(‘ 
pointed out that Macroctopns inewrum is a viay nan owly-built 
form and very unlike the rather scpiat 0. rulgans, 
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EXHIBITIONS A.ND NOTICES. 

February 7tb, 1928. 

Prof. J. P. Rill, F.R.S., Vice-President, 
in the Chair. 

The SECitErAUT read the following Report on the Additiojis to 
the Society’s Menagerie during the months of October, November^ 
December, 1927, and January, 1928 : — 

October. 

The registered additions to the Society’s Menagerie during the 
month of October were 215 in number. Of these 63 were 
acquired by presentation, 55 were purchased, 4 were deposited, 
and 93 were born in the Menagerie. 

The following may be specially mentioned : — 

2 Brown Tree- Kangaroos (JJendrolagtis inustus)^ from New^ 
Guinea, purchased on OiJtober 6th. 

3 Javan Swine (Sus vittatifs), presented by Mr. F. Shaw Mayer 
on October 6th. 

2 Pluto Mon key. s {CercopitJieciis leucampyx), from Benguela, 
presented by Messrs, Thomaz de Camara and T. A. Barns on 
October 9th. 

3 Long-eared Foxes {Oiocyon meyalotis), from East Africa, 
purchased on October 19th. 

2 Brindled Gnus (Gorgon taurinus), from South Africa, 
purchased on October 29th. 

November. 

The registered additions to the Society’s Menagerie during 
the month of November were 88 in number. Of these 37 were 
acquired by presentation, 33 were purchased, 12 were deposited, 
2 were received in exchange, and 4 were born in the Menagerie. 

The following may be specially mentioned ; — 

2 young Koalas (Phaacolarctos ctnereus), from Queensland, 
purchased on November 10th. 

1 Lion cub (Felts 7«o),born in the Gardens on November 13th. 

2 Stanley Cranes (Tetrapteryx paradisea), from South Africa, 
purchased on November 2l8t. 

1 Bed-faoed Barbet (Lybiu^ ahyssinicus), from Abyssinia, new 
to the Collection, received in e;ccbange on November 29th. 

Pxoc. ZooL. Soc, — 1928, No. XVIIl. 18 
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December. 

The registered additions to the Society s Menagerie during the 
month of December were 107 in number. Of tliese 07 were 
acquired by presentation, 16 were purcliased, 12 were deposited, 
and 12 were born in the Menagerie. 

The following may be specially mentione<l ; — 

2 Chinese Qroyf-Yits {Suthora wehhiana)^ new to the Collection, 
presented by H. C. Eustace, Esq., on December 13th. 

A valuable collection, from Portuguese East Africa, consisting 
of 1 Eed-headed Squirrel {Funisciurua palliatus)^ 4 White- winged 
Lagwings, and a numV)er of other birds, new to the Collection, 
presented by J. Spedan Lewis, Esq., F.Z.S., on December 26th. 


January, 1928. 

The registered additions to the Society's Menagerie during 
the month of January were 115 in number. Of these 29 .were 
acquired by presentation, 58 were purchased, 19 were deposited, 
6 were received in exchange, and 3 were born in the Menagerie. 

The following may be specially mentioned : — 

A family of Orang-Utans {Simla satifrus)^ consisting of an 
adult male, a female, and a young one fi*om Sumatra, purchased 
on January 21st. 2 Thomas’s Langurs {Presbyles thommi)^ from 
Sumatra, new to the Collection, purchased on January 21st. 


Mr. D. Seth-Smith, F.Z.S., exhibited a living example of a 
blue variety of a Masked Lovebird {Agapornis per sonata) from 
Tanganyika Territory. The plumage was bine and white where 
it would be green and yellow in the normal Idl’d, while the bill 
was flesh-coloured and the feet grey. Tin's interesting bird had 
been acquired by the Society from Mr. G. B. Chapman, the well- 
known animal dealer, who had imported it. 

Mr, Seth-Smith also exhibited the skin of an abnormal 
specimen of the Gouldian Gmssfinch (Poephila gouldice). wliich 
showed gynandromorph characters. 1'he right side was typical 
of the male of the red-headed {mirahilis) phase, while the left 
side was that of a typical female with bli^ck face showing slight 
traces of red. 

This bird had been kept in captivity by Mr. S. Harvey, of 
Adelaide, South Australia, who, upon its death, had presented it 
to the Adelaide Museum, the authorities of which had, however, 
allowed it to he sent to England for inspection. Mr. Harvey 
stated that it had actually produced eggs, but thfse bad proved 
to be infertile. 
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Major S. S. Flower, O.B.E., F.Z.8., exhibited three photo- 
graphs taken by Mr. Geoffrey C. Flower in the lied Sea. Two 
were of a young Arabian Gazelle {Gazella arahica)^ from Farsan 
Island, the type-locality of tlie species ; and one of a Flat- 
Lobster, Scyllarus s[)., wliich had weiglied about lbs. 


February 21st, 1928. 

Major S. S. Flower, O.B.E., Vice-President, 
in the Chair. 

Jlr. G. M. Veveiis, F.Z.S , and Mr. L. C. Busiiby, F.E.S., 
exhibited, and ina<le leniarks upon, specimens of the Mitten 
Ci’ab {Erlocheir japojiivim). 


Tiie Tlon. Ivor Montagu, F.Z.S. , exhibited, and made remarks 
upon, a sei-ies of photographs taken during a recent visit to the 
Moscow Zoological Gardens. 


Mr. G. C. Robson, M.A., F.Z.S., exhibited a series of lantern- 
slides illustrating his remarks upon Some Observations on the 
Oviposition of Octcpits^ 


March 6th, 1928* 

Prof. E. \V. MaoHride, F.R.S,, Vice-President, 
in tlie Chair. 

Tlie Secretary communicated the following “ Xote on Uganda 
Gorillas/’ by C. AV. Ciiokley, F.Z S. : — 

Xmi: o\ Toanda Gorillas seen during a visit to Mount 
SaBIMo. (hlRISTMAS, 1927. 

A short note on my trip to Mount Sabinio, the hardest of all 
the mountains to negotiate, may be of interest. The weather 
was bad — rain au<l cold and tu(* days, tlie balance of fiv’e days' 
hard tmvelling, were .spent on the Ki<lge. 

On Mount Sabinio gorilhis have a paturally protected iwerve 
from man, formed by the exceedingly dense undergrowth, through 
which one litei’ally has to Imck ones way. In the upper Bamboo 
Zone only a few specimens were seen. They were feeding among 
the bamboos, and occasionally I had a glimpse of two young 
gorillas who seemed bent on mischief, for, instead of picking off 
and eating the young shoots a.s their elders did, they deliberately 
climbed the baknboos until tbe stems bent beneath their weight, 
when they would break oft and throw away the few inches fiom 
the top of the stem. 
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The old male would be seen at the head of the family party> 
occasionally w^alking a little way in an erect position with a 
peculiarly human gait, while his wives, four in number, followed 
with two young ones that were jusfc like little balls of black fluff. 
The old grey-backed male seemed to have a surly temper, for 
sometimes lie would grab one of his wives by the head and 
succeed in throwing her ten yards away. Nevertheless, his wives 
appeared to regard him with real affection, and drove away two 
males who came too near. My curiosity nearly led me into 
trouble, for, on approaching nearer to the family party, one of 
the females charged straight at me, but by shouting I was able to 
frighten her off. I feel sure that this attack was not accidental, 
for, as a rule, they only charged when disturbed several times. 
The male gave his hellish challenge as they left for the upper 
ridge of the mountain. 

On the second day I approached them high up on the same 
ridge, and this gave me an opportunity of observing a female who 
was canying a restless infant. Sometimes it would be upside 
down, grasping its parent's hair with its hind legs, while at other 
times it would get l ound the back of the neck of its mother, who 
would then grab it by the hair of its head. 

1 could not say if the gorillas had increased in numbers since 
my previous visits. No leopards were seen, but their pug-marks 
were noted in several places. 

Pliotography was out of the question owing to^the weather, 
but I liave some good photographs of their sleeping-places, also 
one of a nest about 6 feet high. 


Mr. F. Martin Duncan, F.Z.S., exhibited, and ma<ie remarks 
upon, a series of Cinematograph Films taken in the Society’s 
Gardens. 


[‘ Proceedings,’ 1927, Part IV. (pp. 797-1009), was 
published on January 12th, 1928.J 
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14. The External Morphology and Life-history of the Coccid 
Bug, Orthezia urticcr Linn. By Enid K. Sikes, B.Sc., 
The University o£ Birmingham*. 

[deceived November 2, 1927 : Head March 6, 1928.] 

(Plates I. & II. t; Text-figures 1-23.) 
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IXTRODCCTION AND HISTORICAL. 

Tlie investigation ii])on the Coccid bug, Orthezia urticce Linn.,, 
was carried out between 1925 and 1927, which time allowed for 
the observation of the complete life-cycle of the insect. 

So far as I have ascertained from available literature, no 
complete account of the anatomy of this species has been recorded, 
and only vague references have been made to the number of 
instars in this and closely -related members of the Coccidse. 

As very few males occur each year, it was not possible to 
describe them in so much detail os the females. 

A paper on the internal anatomy of the larva is almost com- 
plete. 

The pterygote insects are divided into two groups — the Exo- 
pterygota and the Endopterygota. The ExopterygoU pass 
through a simple metamorphosis, rarely accompanied by a pupal 
instar. The wings develop externally and the young are gene- 
rally nymphs, which possess mouthj^rts similar to the adult 
and functional compound eyes. The Endopterygota pass through 
a complex metamorphosis accompanied by a pupal instar. The 

e <Commnntcftted by H. (1. Nbwth, 
t For explsnatioti of the Platot, tee p. wS. 
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Wings develop internally as imaginal discs in the larva. The larva 
differs in form from the adult, and the mouth-parts are con- 
structed differently. The eyes of the larva are simple, or, if 
compound, they are non-functional. The Hemiptera- are classed 
with the Exopterygota. It seems, however, that in 0, urticce we 
have an insect in which the female is a degenerate wingless 
Exopterygote, although the simple eyes indicate alliance with 
larva? of the Endopterygota. The male is xiefinitely an Endo- 
pterygote insect, having a complex metamorphosis. The larva 
bears simple eyes, has imaginal wing-buds, and two pupal instars 
are present in its life-history, although the “ pufp^i'' resembles an 
Exopterygote nymph. It appears, therefore, that O. vrticcr^ is 
an intermediate form of insect connecting the Exopterygota with 
the Endopterygota. Carpentei* (ff) records the occurrence of 
imaginal discs among some Ooccida? and Aleyrodid®. 

Before 1880 it seems probable that many autliors confused the 
two species, 0. urticm and 0. cataphracta, Douglas (10), however, 
in 1880 described the external features by which these two 
species could he distinguished. According to this author the 
first reference to 0. urtiar was in 1730 by Frisch (17). 

The species lias also been mentioned by Linne (26) (1707) as 
Aphis 2 irticm; De Geer (8) (1778) as Coccus floccosus ; Fabricius 
(15) (1794) as Cocoas chihius ; Bose (4) (1784) as Orthezin ckara- 
cias ; 1’ A bbe d’Orthez (9 ) (1 785) as Dorthezia characim ; Latreille, 
Burmeister (5) (1835), and Zettei’stedt (34) (1840) as Dorthezia 
'Hrtic(n\ and Westwood (32) (1840) as Dorthezia characias. In 
1843 Ainyot and Serville (1) restored the original name of 
Orthezia in accordance with its derivation. 

1 have been unable to procure the paper by Signoret (31) 
{1875) on 0. uriiciv. 

Some of the descriptions by List (25) (1887) on 0. cataphracta 
hold for the species 0, nrticai, 

Newstead (28) (1902) briefly described the external anatomy 
of this species. KirebneFs (24) (1912) description of 0. urticce 
is the most complete account dealing also with the life-history. 

Fabre (14) decribes the life-history of 0. urticfc^ and Schmidt 
(30) may also be mentioned, as his descriptions of the Coccid, 
Aspidiotas neri% show analogies to 0, urticce. 

The investig.ation of 0, urticas was commenced under the 
supervision of the late Professor F. W. Gamble, F.R.S., to whom 
I am indebted for assistance during the early part of the work. 
I wish to express my indebtedness to Mr. L. Eastham, M.Sc., 
for his help and encouragement during the whole of my woi'k, 
and for obtaining for me my first supplies of material. To Mr. 
H. Newth also I express my thanks for helpful advice in 
technique. 

Methods. 

The majority of Coccids were collected at Wood End, about 
10 miles south of Birmingham, where a colony mos found on the 
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south bank at the side of a quiet road. They occurred most 
extensively in sheltered parts where the undergrowth was thick, 
in the vicinity of a wooded copse and always on the south bank. 
Tlie chief vegetation on tlie bank was Couch-grass {Agropyrum 
repena)^ Wood -sage ( Teucrium 8corodonium\ and Lesser Stitch- 
wort (Stellar ia gmininea). 

They have also been found on south banks near Solihull and 
Barni (ireen, both south of liirniingharn, but they do not occur 
in the vicinity of my home, about 15 miles north-east of Birming- 
ham, on banka similarly situated and with the same food-plants 
growing in abundance. 

1 ha\e found 0. urtiae comparatively easy to rear under 
laboratory comlitions. They bre<l extensively during the summer 
months of J92t>; so that from GO put in the breed ing-cages, 
under observation, at the beginning of the year, I had between 
400 and 500 individuals in all stages of development by August 
1 02G, a[>art from many fixed or dissected for investigation during 
tiiose months. 

In the bree<ling cages I gave the Coccids the three chief plants 
that I found them on at Wood End, hut it was noticea hie that 
tlu'V avoided the Agropyrum and fed only on the Tencrium and 
Stella ria. The best method for breeding the Coccids in tiie 
lahorat'Oiy is to keep them on cm pieces of the food-plant placed 
in low dishes of water surroumled by dead leaves, moss, twdgs, etc., 
frequently changing the phinls for fresh pieces. ] tried planting 
the sago in llowerqiots in the laboratory, hut it did not prove 
such a satisfaebuy method. 

Ill winter the Coccids were found low down in the hank among 
llie ilead leaves and undergrowth. 8ome were allov\ed to hiber- 
nate in this way in the laboratory by putting earth and dead 
leaves etc. in a zinc tray. Others w-ere kept in the warmth and 
supplie<l with fresh f(»od throughout the winter. Artificial light 
was often directed on tlie.se during the daytime. Tliey kept 
moderately active and fed throughout the winter. Tlie males 
mef,amorpliosed earlier than those in the natural state. 

'Fo a.scertain the mini her of instar.s, one or two females beai*ing 
brood-sacs were put on sage under separate glass cylinders 
covered with bolting-silk. AVhen the young larvie emerged from 
the brood-sac, 1 distributed them among other cylinders, never 
putting more than six of the larvm under one cylinder, so that 
each could be observed daily. After eedysis took place, the 
lai-A'ie were ti-ansferretl to a fresh cylinder marked “second 
instar.” After another moult they were again moved to a third 
cylinder, and so on until the adult stage was reached. Several 
such series were caiTied out simultaneously and at different 
times in the spring and summer months, the result being 

described lielow. . i j ^ 

The investigation of the external anatomy was earned out by 
examination of the Jiving insect under the binocular microscope 
and by making whole mounts of the insect. The Coccid was 

19 * 
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first deprived of the wax secretion by removal with a needle or 
by dissolving it in a drop of chloroform. It was then macerated 
for a short time in gently boiling 10-per-cent, potash. The 
chitin was stained in some wises with a drop of picric acid in 
the clearing reagent, or with Congo red. Whole mounts of the 
proboscis, anal plate, etc., were also made in this way. 

The type of locality given above agrees with that mentione<l 
by Newstead (28). Green (19) gives the same food-plants for 
9. urticce : namely, 2'euci*iu7n scorodonium and Stellaria graminia. 

Other food-plants from which this species is recorded are 
Stellar ea Iwlostea^ Statice armmiia and S* le^nonum.^ Euphorbia 
chai'adas and E , pilloaella^ Armmiia 7uaritima^ Taraxacum^ Urti- 
caria^ Rihes (cun-ant), Gerauimn rohe^'tiauum^ Trifolium medmmj 
Saxifrage^ and Vida augustifolia^ 

Specific Features. 

The Homopterous Coccid bug, Orthezia urticce^ belongs to the 
subfamily Ortheziinae, and can be distinguished from Newsteadia 
by the fact that the antennsB of the larvPB have six segments, 
while those of the larvm of Ne^vsteadia have only four segments. 

Newstead (37) distinguishes 0. m^ticce from the closely-allied 
species, 0. cataphracta and 0. insignis, as follows : — 

A. Dorsal surface of female wholly covered by lamelhe. 

(а) Thoracic segments each with a median wedge-shap(»d 

lamella. Marsiipium short. Dorsal surface flat ... Ci.TAPHBi.CT a. 

(б) Thoracic segments without median wedge-shaped 

laniellsB. Marsupium long. Dorsal surface not flat . Urticje. 

B, Dorsal surface of the female partly naked Jksignib. 

Dufour (12) agreed with Latreille in not allying Orthezia to 
the Coccids. He called them an isolated group of the family 
Psyllidae, the one-jointed tarsus with a single claw agreeing with 
Ooccidag, but the character of the anteiinsB, the so-called “ beak ” 
lying between the anterior legs, the immobility of the females, 
the absence of considei-able mutations of form placed them far 
distant from Coccids and nearer Psyllids. By their viscera and 
development of the hepatic organs, however, Orthezia were 
regarded as being more specialised than Psyllids. 

External Morphology. 

(a) Larval Instars 1 and 2. 

The larvae and adult females of Orthezia urticce are entirely 
enveloped, except for their legs, antennae, and proboscis, by a 
pure white secretion. It is a product of the hypodermal cells, 
some of which are modified as large gland-cells which pour their 
secretion on to the external cuticle through chitinous spines 
(text-fig. 12, g.9.). These cover the surface of the body and act 
as glandular ducts. The separate wax filaments thus formed 
fuse together as wax plates or lamellae, which assume grotesque 
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shapes, giving the insect a beautiful appearance. The arrange- 
ment of these wax lamella) is constant for each larval instor. 
The younger the instar the more fused, and therefore more 
simple, is the arrangement of the wax plates (PI. I. figs. 1-3, 
Pl.II.fig.4). 

The wax secretion is soluble with difficulty in boiling water or 
hot alcohol. It is easily soluble in boiling benziol and in chloro- 
form or glacial acetic acid. Von Fiirth (18) also finds it soluble 
in ether or acetone, and says that it crystallises in the cold as 
needle-like lamellfe. Ainyot and Berville (1) call the wax “ a 


Text-figure 1. 



Second instar larvi witli wax removed. Male. Ventral view, X 102. 
Camera, (’omp. Ok. 12, Obj. Leitz 1. (For explanation of letters, see p. 306.) 


eubstance like starch,” which describes its appearance but not its 
com{K>sitiou. Kircbner (24) says that Signoret (31) mistook the 
^‘cereous matter” for calcareous matter.” 

According to Yon Fiirth (18) the wax of -Coccids has been 
made use of as an article of commerce since the thirteenth 
oentury. He said that cerotic acid and its alcohol are combined 
together in the wax of Orthezia as a kind of ester. 

According to Winterstein (33) the waxy substance produced 
by 0* urticcB and other indigenous larvie of Hemiptera is an ester 
of cocceirl acid, and cocceryl alcohol, He 

gives Lieoermann’s metnod for their sepai*ation and purification. 
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.He also quotes Kaiiuann in saying that wax near the Ooccid 
integument contains also a number of ether-soluble fat con- 
stituents, mainly myristic acid and glycerine ester. 

Tht First Instar Larvm, (PI. I. fig. 1 ; text-figs. 1-11.) 

The first instar larvte are greenish or pale brow^n when taken 
from the brood-sac and are mite-like creatures. The wax they 
possess on emerging is arranged in four longitudinal rows on the 
dorsal surface, the ventral side still being bare. After three 
days the dorsal .surface has attained the grote8(|Ue appearance 
shown in PI. 1. fig. 1. The colour of the integument beneath the 
wax has darkened considerably. The dorsal wax plates are 

Text-figure 2. 



Head of first iiistar larva. Dorsal view. Camera. Comp. Ok. 8, Ohj. Zeiss 1). 

(For explanation of letters, see p. 305.) 

larger, in proportion to the size of the insect, in the first instar 
than in later in stars. 

The head bears a pnir of wax horns (PI. I. fig. 1, CA.) which 
bend forwards, upward.s, and converge towards each other over 
the bases of the antonnie (A,) with a slight torsion. The pro- 
thoracic dorsal wax plate.s (PI. T. fig.l, pdp,) are blunt triangular 
pyramids, also converging and pointing slightly forwai*d. Tlie 
meso- and metathoracic plates are fused, forming a pair of large 
blunt horns (PI. I. fig. 1, mdp,) pointing towards tlie hind end. 
There is also a marginal plate, concave posteriorly, projecting 
from the side of each thoracic segment. 

The wax secretions of the first six abdominal segments are 
fused, forming two large blocks (aJp.) which diverge from the 
median line of the insect and, inclining backwards, end in a blunt 
point which lies approximately over the last segment of the 
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insect. These median abdominal blocks have very definite angles 
at the borders of their surfaces. 

The marginal wax plates of the first five abdominal segments 
are also fused, forming an almost semicircular block on either 
side, cut off like a wedge posteriorly. Indications of segmenta- 
tion in the block can be seen showing connection with the 
abdominal segments. The sixtii abdominal marginal plate pro- 
jects freely backwards in a line with the median abdominal wax 
blocks. The seventh or anal segment has a small wax tube (al,) 
pointing upwards and slightly backwards so that the “ honey- 
dew '' (see p. 298) is cast away from the surface of the white wax 
armour. The marginal plates of this segment are small scales 
close to the base of the tube, surrounding it antero- laterally. 
From the sides of the anal segment a long plate stretches back 
posteriorly and divides one-third of its length from the origin, 
and, in larger specimens of tliis instar, meets again at the end. 

The ventral surface is covered with small wax flakes lying flat 
on the body, those of an anterior segment overlapping those of 
the segment behind like tiles of a roof (PI. II. fig. 5 ). When the 
wax is removed, by dissolving it in chloroform, the larva appears 
cylindrical or oval. 

The larva lias ten segiiient.s behind the head. The lines of 
demarcation and divisions of the body are fairly distinct in the 
abdomen (text-fig. 1). The division between head and thorax, 
and thorax and abdomen, are not so clear, for there is no con- 
striction, the contour of the whole Insect being fairly even. 

The length of a larva taken from a brood-sac when just 
hatched is, on the average, 0*440 mm. long by 0*314 mm. at the 
widest part, which is at the first abdominal .segment. When 
they emerge from the brood-sac they have attained an average 
length of 0*530 nim. by 0*390 mm. 

The length of the head is one-fourth the length of the whole 
body, the thorax one-third of the whole insect. 

The metathoracic legs, without the claw, are the same length 
as the whole insect, the prothoracic legs are slightly longer than 
the body, and the middle or mesothoracic pair are slightly longer 
still. It is the tibial portion which differs in length, as the coxae 
and femora of all three pairs are equal in length. 

The antennae (A.), consisting of six .segments, arise from the 
anterior border of the head, each at its base being one-third 
the width of the head. The antenna is two-thirds the length of 
the body from its junction to the end of the distal spine. 

There is a pair of simple eyes (text-fig. 2, J^.) in each larval 
instar, each situated on the dorsal surface of the head and lateral 
to, and slightly posterior to, the antenna), projecting antero- 
laterally from the head. The eye is conical in shape,* and in the 
first and second instars has a minute pimple on the lower part of 
the side facing the antenna. 

The proboscis is cone-shaped, and large in proportion to the 
me of the insect^ being five-sixths the length of the head or 
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nearly one-fourth the length of the whole larva. At its 
proximal end the proboscis is almost as broad as it is long, and 
at the distal end one- third the width of the head. 

The function of the head-capsule is not so much to protect the 
underlying organs as it is to give support to the structures 
connected with piercing and suction, and its ventral surface to 
give attachment to the muscles controlling the pharyngeal 
framework. 

The proboscis or rostrum of the larva is composed of extremely 
hard chitin and is a very dark brown colour. It projects 
ventrally from the head and comes to lie between the first pair 
of legs (PI. II. fig. 6). At the distal end of the proboscis are 
about ten long set® (text-fig. 3 a and 5) which are sensory in 


Text-figure 3. 



Proboscis of larva, whole mount. Camera. Comp. Ok. 12, Obj. Zeiss A. 

(For explanation of letters, see p. 306.) 

function. The proboscis is composed of one segment only, as 
opposed to the multi-segmented proboscis of some Homoptera. 

The mouth-parts are adapted for piercing and sucking, the 
food being entirely fluid. The rostrum, which is a modified 
labium, is grooved along its anterior surface to form a deep 
channel in which lie the piercing stylets (text-fig. 3 a and 6). 
In the groove on either side of the stylets are two pairs of darkly- 
staining bodies, probably gustatoiy organs (gw., text-fig. 3 6). 

There are four stylets which are slender and bristle-like, and 
represent a pair of maxill® and a pair of mandibles. These are 
extremely long, and, when drawn in, are looped back into a 
chitinous pocket (text-fig. 3) which runs backwards and slightly 
upwards and lies ventral to the nervous system. The mandibles 
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4ire external to the maxillse, and the latter appear as a single 
grooved stylet because they lie very close together. The internal 
ends of the stylets are slightly broader, and are connected to 
atrong muscles inseHed in tlie pharyngeal framework. 

The ventral surface of the liead is almost entirely occupied by 
the base of the proboscis. The eyes {E.) project laterally one- 
fourth tlie width of the head-capsule, which is slightly shorter 
than it is broad. The head is attached to the first thoracic 
segment by a less chitinised region, so that a certain smount of 
movement may be possible, but is not apparent. 

The dorsal capsule of the head (text-fig. 2) is roughly 
rectangular, with the posterior corners rounded and a pointed 
projection between the antennae which becomes rounded in older 
larvffi. The dorsal surface is covered with glandular setae. The 
proboscis is usually extended forward in such a way that the 
head-capsule overlies the venti’al part of the prothorax and 
junction of the first pair of legs. The «etie are arranged in three 
groups on the head-capsule (text-fig. 2). Inspection of the setfe 
shows that they lie in connection with the cephalic wax “ liorns 
(PI. 1. fig. 1, 6Vi.). Two groups of about 50 sette lie dorso- 
posteriorly to the antennae and eyes. The apices of the setae of 
these groups converge towards a point near the front of the 
group, causing the pymmidal shape of the horns. Some of 
the spines on the antero-lateml border of the group are distinctly 
curve<l, which fact causes the secreted “ horns ” to converge 
anteriorly (text-fig. 2, right group). Four setm (x), differing 
from the otliers in that they are longer and more slender, occur 
constantly iji tlie middle of the heml-capsule, one pair on the 
median border of each group of glandular setfe. EjicIi is set in 
a cup-like pit with the edges above the surface of the integument. 
Between the antenna) on the anterior dorsal surface of the head- 
capsule is another group of secreting set®, about 26 showing 
dorsally ; but the group stretches to the junction of the proboscis 
in front, and in all tliere are 33 anterior set®. 

The aiitenn® (text-fig. 4) is a darker shade of brown than the 
body, and is composed of six segments. A few set® occur on 
the antenn®, which are shorter and finer than the glandular set®. 
As wax is never secreted on the antenn®, these are no doubt 
sensory and not secretory in function. They are inserted in 
slight depressions on the surface of the antennal chitin. The 
set® on the antenn® are extmordinarily constant in position in 
all first instar larv®. The positions are shown in text-fig. 4, 
the usual number to each segment being ; — 

Segment 1 (proximal) ... 0 set®. 



6 8 set® and one 

terminal spine. 
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The terminal spine is a movable peg in a terminal pocket, and 
must function as an organ of touch. I have only found slight 
variations in the above arrangement. The sixth segment is 
nearly twice as long as the other five, which are almost equal in 
length and taper to a point from 1 to 5. The antennal setsD, 
presumably sensory, are more acute than the glandular spines of 
the body, which are blunt and more uniform in thickness to their 
extremities. 


Text-figure 4. 



Fig. 4.— Aiite::na of first iastar larva. Camera. Comp. Ok. 8, Obj. Zoiss 1). 

Fig. 6.— Leg, left i rotboracic, first instar larva. Camera. Comp. Ok. 2, Zeiss I). 

(For explanation of letters, see p, 806.) 

The thoracic segments are broad and strong to contain the 
muscles of the legs. Their integument is covered with secretory 
set® fairly evenly distributed over the surface on the ventral side 
and inclined posteriorly. On the dorsal side they are arranged in 
definite median and lateral groups. The lateral seta are fairly 
evenly distributed, while the seta of the median groups converge^ 
towards the median line of the body. The spines of these latter 
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groups in the prothorax bend slightly anteriorly, while those of 
the xneso- and metathorax are inclined posteriorly. 

The legs (text-fig. 5) are strongly built, and are inserted 
deeply in the lateral margin of the body. They are darker 



Tarsal cW. First iiistar. Camera. Comp. Ok. 12, Obj. Zeiss A. 
(For explanation of letters, sec p. 305.) 


Text-figure 7. 



Arrangement of dorsal abdoininal setfp. First instnr. Gambia Ok. 12, 
Ohj. Zeiss A. 

(For explanation of letters, see p. 305.) 


Text-figure 8, 



Arrangement of ventral abdominal seta?. First instar. Camera. Comp. Ok. 12. 
(For explanation of letters, see p. 306.) 

brown than the wax-covered parts of the body. They are flat- 
tened antero-posteriorly in the walking position. The coxe& (C,) 
are well developed and have six very small set«e (S*). There is no 
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sign ot trochanters. The femora (F,) are about three times as 
long as broad, and have about 24 small setse scattered over the 
surface. The femora (F,) are broadest near the body. The 
tibi© (7^.) are about four times as long fis they are broad, and 
the same width all down. They have 15 small set©, and at 
the junction of tibia and tarsus a pair of strong ventral spines 
which lie parallel to one another and make an acute angle with 
the length of the leg. The tarsus {Ta.) consists of a single joint 
with seven small set© and four large spines on the surface, and a 
pair of long, strong, dorsal spines projecting at an angle of 45® at 
the junction with the claw. The ti bio-tarsal joint is fixed. The 
tarsal claw (Tc.) has two ventral spines and is toothed ventrally 
(text‘fig. 6). The ventral side of the claw is concave. 

The abdomen consists of seven segments (text-figs. 7 & 8) 
which are fairly uniform in length, except the anal segment, but 
decrease in breadth from the first to sixth. Dorsally the anal 
(seventh) segment is as broad as it is long, and has the anal 
orifice (text-fig. 9, ao.) opening in the middle. In some Coccids, 
for example in Aspidiotns nerii, thp anal orifice is ventral. 
Ventrally the anal segment is about twice as broad as it is long 

The glandular set© of the abdomen are distributed on the 
ventral side (text-fig. 8) in two uneven rows across each seg- 
ment, the setae pointing backwards. The lateral set© are 
scattered unevenly but thickly over the integument. The dorsal 
ones (text-fig. 7) are n.rrange<i in two antero-posterior rows 
down the abdomen ; the lateral set© of each of these rows bend 
in a posterior median direction and the inner spines of the rows 
bend towards the sides of the insect, showing how the inclined 
pyramidal wax blocKs of the alxlomen are formed in such a 
grotesque shape. The genital aperture is not apf)arent. 

The anal aperture (text-fig. 9) is on the dorso- posterior side 
of the seventh and last abdominal segment (text-fig. 7). It is 
an irregularly oval aperture (ao.) lying in the middle of a per- 
forated chitinous plate (text-fig. 9, C/i.p.). The perforations are the 
openings of large gland-cells which lie immediately below the plate. 
There is a longitudinal slit on either side of the anal orifice among 
the perforations in which the median bristles are inserted. The 
walls of these slits slope, so that their breadth is greater on the 
external surface than at the internal surface of the plate. There 
are six long bristles {Br,) arising from the anal plate and inclining 
posteriorly ; they are flexible and hair-like, and each inserted in a 
little pit between the glandular spaces. They rise up from the 
Anal plate in a dorso-posterior dii*ection, and all converge to a 
point probably serving the purpose of determining the direction 
of the anal wax tube mentioned above, which conveys the 
“ honey-dew ” away from the surface. 

In the larv© and adult females there are two pairs of thoracic 
spiracles and eight pains of abdominal ones. 

The thoracic spiracles (text-fig. 10) are situated on the meso- 
and metathorax. They lie on the ventral surface outside the 
•COX8B, the distance from the lateral border being about one-fourth 
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of the width of the thoracic segment. The ventral aperture is 
strongly chitinised and surrounded by five irregular circles of 
setRj set in numerous folds of chitin (c/.). The bolder is simple 


'i'ext-figure 9. 



Anal orifice. Third instar female. Cameni. Oonip. Ok. B, Obj. Leit?: 6a. 
(For explanation of letters, see p. 305.) 


Text-figure 10. 



Sfiinkole. Kight meUthoracic. Camera. Comp, Ok. 12, Obj. Zeiss D. 

(For explanation of letters, see p. 306.) 

Ukd immoba* m in most bogs. The diameter of the sorfsM- 
opening is 76 /it. They are laiger than in 0. cataphraeta, in 
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Text-figure 11 a-d. 







C. 
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which they liave been recorded as having a diameter of 3o fi. 
The spiracle widens out below the surface into a buU)-shaped 
swelling (sb,) (K) fi in the widest part. Beyond the swelling a 
short, conical, chitinous tube connects tlie spiracle with the 
trachea (text-fig, 10, pt,). The dorsal part of this connecting- 
tube where it joins the trachea is 36 p. in its longest direction, and 
the ventral opening into the swelling is 18 p by 12 /i and is pear- 
shaped. The cavity of the spinicle is directed towards the median 
lino of the insect, the pear-shaped opening being neai'est to the 
coxa. 

It seems probable that the bulb and pear-shaped part have 
some power of opening ami closing the tube beneath the spiracle. 

Of tlie eight pairs of abdominal spiracles (text-fig. 7) in 
O. iiriicce^ one pair is situated in each of abdominal segments 1 
to 6, and two pairs in the seventh or anal segment, indicating that 
this segment is at least two fused segments. Tlie first six pairs 
lie dorso-laterally on the abdominal segments and about one-third 
the distance from the anterior to the posterior border of the 
segment. IMiey are tubular sniracles and much smallei than tlie 
ventral thoracic ones. The diameter of the chitinous ring at the 
opening on tin* surface of the abdomen is 16 g. 

The tubular jnrt (spJ,) is 40 /< in length (text-fig. lid). Jt 
apiJears to be striated with six longitudinal ridges running <lown 
from a. star-shaped opening at the internal end. The surface- 
opening is a slit in the middle of a cii'cular chitinous ring ; the 
lips of the slit are apparently capable of oidarging the aperture 
by muscular action (text-fig. 11 A). The spiracle opens on the 
surface as a protruding cone (s^pc.) strongly chitinised, with the 
tube projecting into it (text-fig. The internal tube is 6- 

radiate, and capable of enlarging or closing the connecting 
apertures (text-figs. 11 a 11 c). 

T/ie Second Instar Larac. (Text-figs. 12 & 13.) 

After the first moult, which takes place after two or three 
weeks in early summer, the second instar larvjie (PI. I. fig. 2) are 
alvout 1 mm. in length by0'740mm. in width. 

The second instar larva is very similar in api)earnnce to the 
fii'st. The wax plates are arranged in the same manner, but 
tend to be split up into a few more plates. Segmental divisions 
coinciding with the body-segments are still not clear. 

With wax removed (text-fig. 1) the insect is now oval or 
ellipsoidal in outline. The proportions of thp parts to one 
another have changed. The head and thorax are half the length 
of the whole insect, the alxlomeu half the length. The antennae 
(text-fig. 12) are also half os long as the insect, while the 
proboscis is much shorter in proportion, being only one-tenth 
the whole length of the insect. The legs (text-fig. 13) are slightly 
shorter tWn the insect, and the metathoracic pair are now the 
longest* Each leg is approximately the length from the anterior 
border of the head to tne middle of the fifth abdominal segment. 
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The glandular setae on the dorsal side of the head are arranged 
in groups similar to those in the last instar, bnt the setae are 
more numerous* The four median setae (text -fig. 2, tr) are still 
present, but there are others of the same type dotted about among 
the glandular setae, approximately five in each dorsal group. Some 
of the setae are two and a half times as long as the glandular setae. 

Among the setae are numerous dermal pores. They are circular 
plates with four holes in them. In the abdomen they occur 
chiefiy in the intersegmental membranes and en the median axis 
of the insect between the dorsal group of glandular setae. 

The antennae (text-fig. 12) are 6-segmented, but the third (A, 3) 
shows a difference from the first instar larvae, having elongated 
to about twice the length of the basal or second segment. This 
point is of interest because the growing region of the antennae 
lias been shown to be in this segment in dragonfiy nymphs (2) 
in Ephemerids and probably in Pentatomid bugs. The antennal 
setae (fii.);are again extraordinarily constant in number and position 
(text-fig. 12), the most common number being: — 


Segment 1 (proximal).... 
„ 2 



11 


6 


1 

2 

3 

2 

3 

8 and one terminal spine. 


Tiie positions are as in text-fig. 12. 

The thoracic glandular setse are more numerous, but are 
grouped as in the first instai-. 

The seta) on the leg.s (text-fig. 13) are again fairly constant, 
and only difier from the setie found in the first instar in that 
two of the femoral setas are differently situated and there are one 
or two additional large spines on the tarsus. There is also a 
circular plate-like depression (text-fig. 13, pd,) always present at 
the proximal end of the femur. The claw curves more at its tip 
than in the first instar. 

On the seven abdominal segments the setas are far more 
numerous. On the ventral surface there are four irregular 
transverse rows of seta) on each segment, broadening out at the 
sides into six rows. The seta) are set closer together. On the 
dorsal surface groups of setce converge as in the first instar. On 
the first segment there are eight rows of sixteen setae in a group of 
one side. The number of rows of set» decrease in widtl), so that 
the sixth abdominal segment has only four rows of twelve setae. 
The dorso-lateral setse are numerous and closely set, there being 
about eight rows in the widest part. 

One or two of the long pointed setse (text-fig. 2, x) appear 
among the glandular on^ as on the dorsal part of the head, and 
a pair of these lie in the median line between the two groups of 
setm on each segment. 
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The anal orifice and plate are situated more dorsally than in 
the last instar, but in appearance ai*e similar. 

Kirchner (24) described a constriction between thorax and 
abdomen in newly-hatched larvje which disappears before the end 
of the first instar. I could not detect any such constriction. 
According to List (26), Signoret (31) recorded seven segments to- 

Text-figure 13. 



Fij?. — Antoinim, Second insslar larva. Male. Camera. Comp. Ok. 12, 
01>j. Zeiss A. 

Pig. 13. — Leg. Right mesothoracie second instar larva. Male. Camera. 

Comp. Ok. 12, Ohj. Zeiss A. 

(For explanation of letters, see p, 305.) 

the antennae in the first instar larvte of 0. urtiew. It seems 
probable that, if he was dealing with this species, he counted the 
terminal spine as a segment. 

List (25) does not describe separate instars in cataphracta^ 
but only mentions “young** briefly, and describes the adults in 
detail. Kirchner’s (24) “larve mittlerer grosse** coiTesponds 
with my second instar larva. 

Ferris (16) says that abdominal spiracles have been noticed 
in a liinit^ number of Coccidie and usually passed over as of no 
particular significance ; regarded as aberrant or only of taxonomic 
importance. 

Mammen (27) says that, although the abdominal spiracles are 
Pboo. Zool* Soo.— 1928, No. XX. 20 
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SO different from the thoracic ones in some bugs, nevertheless 
they are physiologically equivalent. He says that in bugs other 
than 0, urticce, in which they occur, the spiracles are in a protective 
pit and have wider openings. 1’he abdominal spiracles of tlie 
closely- allied species 0, cataphracia are not tubular, but, according 
to List (25) and Newstead (28), resemble the thoracic ones. 

(b) The Female Instaks. (PI. I. fig. 3, PI. II. fig. 4; text- 
figs 14 15.) 

Tlie Third Jnstar Female, 

The third instar female larva is similar in general appearance 
to the second, but larger. The length is approximately 2’2 mm. 
and the width 1*8 mm. 

The wax-plates are arranged almost identically with those of 
the second instar, hut are more segmental in arrangement. 
There are, however, signs of the intermediate blocks (PL 1. fig. 3, 
PL II. fig. 4, ip,) being cut off between the median and marginal 
blocks on abdominal segmenls 4, 5, and 6. The marginal plates 
of abdominal segments 5 and 6 are rather longer, reaching as far 
posteriorly as the inclined anal tube. 

After removing the wax, the dorsal outline of the insect is 
almost circular and more flattened <lorso-ventral]y than previously. 
It is still greenish-brown in colour with dark brown antenmr, 
proboscis, and logs. 

The head and thorax measure three-tenths of the length of the 
insect, the abdomen seven-tenths. The legs, excluding the claws, 
are the same length as the body, the metathoraoic pair being tlie 
longest by a small amount.' The antennm are three- fifths the 
insect-length and the proboscis one-fifth. 

The glandular sette are more numerous, but arranged similarly 
to previous instars. The four median long setai (text-lig. 2, .r ) 
on the head are still present; they seem to be constant in f)osition 
in all instars The dermal poies are more numerous on the 
head than in younger instars. 

The antennje are 7-segmented, segments 3 and 7 are tlm 
longest, 1 being very short, wide, and conical, 2 also being short. 
The antennal setie are less constant in {.osition than in previous 
iwstars, but several antennce bad the following numbers : — 


Segments 1-6 3 set® on each. 

Segment 7 6 set®, and 1 terminal spine. 


The dermal pores are extremely numemus in the thorax. On 
the ventral side they occur in one or two irregular rows, chiefly 
along the anterior borders of the segmental groups of glandular 
•spines. On the dorsal side, though a few scattered ones appear, 
they are chiefly found in the median axis of the body in a space 
devoid of gland alar Rpines between the two median groups, and 
also sparely in the intersegmental membranes. These mem- 
branes, dorsal and ventral, also exhibit a peculiar sculpturing of 
the sttAce in the form of S-, 4-, and flrpointed flakes m ehitin. 
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The number aii«l arraD^einenfc of abdominal sette are almost 
identical with those found in the second instar. The lateral sets© 
are more numerous in conjunction with the increase in marginal 
wax plates. Jn the anal segment tlie marginal groups meet the 
central one to form a continuous group of .setae. 

On the ventral side of the anal segment ca,ii be seen a trans- 
verse fold of the integument which marks the genital aperture. 

The setic on the legs are more numerous, and become arranged 
in regular rows in this and the fourth instar, whereas they were 
irregularly scattered though constant in position in iiistars 1 
and 2. 

The Fourth Instar Female, 

The fourth instar (PI. 1. fig. 3, J*l. 11. fig. 4) is the adult stage 
of the female. T'he size is cousi<leral)ly increased, and diiferent 
individuals devoid of wax measured from 2*8 mm. to 3 mm. in 
length by 2*8 mni. to 2 5 mm. in width. The adult female is 
apterous, and largely resemhles the larvje except in .size and later 
in that it acquires a biood-.sac, which doubles its length (PI. II. 
fig. 4, lip.). 

This IS the final and sexually adult stage of the female. The 
AVHX-plates (PI. 1. tig. 3, Pi. 11. fig. 4) have assume<l a definite 
stiaicture coinciding with the segimuits of the body, and the 
blocks so formed lia ve .smof>th surfaces, not grooved as in previous 
iiistars. There is no sign of fusion of wax blocks in conjoined 
segments. The doi'sal bead wax blocks {Ch,) form incurved 
“ iiorns ’’ as Ixjfore. The wax blocks of the prothoiax are as w ide 
as the cephalic blocks, but tiie meso- ami metatlu»racic block.s, as 
well as the lir.Nt four abdominal ones, cut oil' small intermediate 
blocks {ip.) laterally l>et\veen the median and marginal blocks. 
The marginal wax blocks have increased in length, and 

curve po.ste,riorly and inwanl.s, tlK)^e of segments 4. 5, and 6 
being about twice as long as in in.sUn* 2. The plates of tlie anal 
form, as before, an anal tube. 

The ventral surface is covered w’ith tile-likei flakes, ns in 
previous instars. 'I'he brood-sac (Pi. 11. fig. 4, /?/>.) begins to 
form from the ventral surface of the second abdominal segment, 
and stretches out behiml the anal segment until, when full-grown, 
the insect is twice its normal size. The brood-wic is composed of 
longii/udinal plates above, about seven on the dorsal surface, and 
the underside is smooth and made up of numerous small plates 
overlapping slightly like tiles. The brood-sac is completely closed 
at fii’st ; the eggs pass straight into it from the’ slit-like genital 
apertiu’e on the ventral side of the seventh segment. When the 
larvie emerge from it, the brood-sac splits at the posterior end and 
later along the sides for a short distance. 

The adult female, devoid of wax, appears circular in outline. 
It is greatly flattened dorso-veutrally, especially in the abdominal 
region. Tiie proportion of head, thorax, and alxlomen to the 
size of the insect are the same as in the third instar. The ventral 

20 * 



288 MISS B. K. SIKBS OI^ TUB EXTERNAL MORPHOLOGY AND 

abdominal segments 3, 4, 5, and 6 are very much reduced in size 
and become telescoped into each other, and the abdomen is 
concave on the ventral surface ; the sex-opening is therefore in 
a deep depression. 

The dorsal glandular setie are very numerous, especially on the 
lateral boi'ders of the segments connected with the increase in 
length of the marginal blocks. Their arrangement dorsal ly is 
the same as in the third instar. 1 can detect no break in the 
sequence of setae across the segments, which have an intermediate 
dorsal block. It is, however, noticeable that the setoe at this 
point of junction of main dorsal and intermediate blocks change 
their direction and bend away from each other. Tliere is, on 
the other hand, a definite gap between the seta? which secrete 


'Fext-figure 14. 



Leg. Fourth instar larva. Female. Camera. Comp. Ok. 6, Ohj. Zeiss A. 
(For exj)laiiation of letters, see p. 306.) 


the intermediate blocks and those which secrete the marginal 
blocks. This suggests strongly that the intermediate blocks 
really belong to the median dorsal blocks. 

The ventral glandular seta? of the second abdominal segment 
are extremely numerous in connection with the formation of the 
brood-sac, and the segment seems to have increased in size as 
the other abdominal segments decreased. There are at least 
23 rows of closely-set sette, as opposed to 6 or 7 rows on the 
other abdominal segments. On the ventral side of the anal 
segment may be seen the short transverse fold of chitinous 
integument which is the genital aperture. 

The legs (text-fig. 14) are about two-thirds the length of the 
body, the metathoracic legs being slightly longer than the other 



LIFE-HISTORY OF THE COCCID BUG. 


289 


two pairs. The setje on the legs are very numerous and arranged 
in definite longitudinal rows. 

The anteimw (text-fig. 15) are 8-segmented. The setae are 
less constant than in previous instai*s. The most common number 
and arrangement are shown in text-fig, 15. 

Segment 1 (proximal). 2 setie. 


4 3 „ 

5 2 „ 

^ 3 „ 

7 3 

8 5-f 1 terminal spine. 

Text-figure 15. 



Antenna. Fourth instar larva. Female. Camera. Corap. Ok. 6, Obj. Zeiss A* 
(For explanation of letters, see p. 306.) 

In the third instar female, and even more pronounced in the 
adult stage, tlie minute pimple, already mentioned in the larval 
eye, has become a second more pointed cone (text -fig. 16, ec,) 
projecting from the posterior side of the original protrusion. 
This is composed of thicker chitin and is of a darker brown 
colour. The apex of this extra cone is directed inwards and 
towards the antenna. It projects about half as far from the 
body- wall as the eye itself. The eye projects 75*0^ in the 
jtdult, and its basal width is 87*5 ft. 

It is noticeable that as the insect changes from the first to fourth 
instar the dorsal surface (after removal of the wax) becomes 
flatter, until in the adult there is a definite longitudinal depres- 
sion down the mid-dorsal surface of the insect. In the mature 
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female tlie anal segment is larger and the anus has become 
completely dorsal, having gradually, through the different instars, 
moved from the posterior position found in the first instar. The 
ventral genital opening has increased in size. 

Kircher (24) has described the adult wax plates, and my 
findings agree fairly closely with his. 1 believe that his abnormal 
adult females are really third instar females, corresponding with 
his “ Larve mittlere grosse.” He does not mention the number 


1'ext-figure IC. 



Eye. Fourth instar female. Camera. Comp. Ok. 8, Ohj. Zeiss I). 

(For explanation of letters, see p. 305.) 

of instars, but describes three stages corresponding to the first, 
third, and fourth instars, a “jungster stadium^’ with 6-segmented 
antennae, a “ Larve mittlere grosse,^’ with 7-segmented antennas, 
and finally a “ geschlechtsreife Weibchen” with 8-seginented 
antennae. Douglas (11), Dufour (12), and Ainyot and Serville 
(1) only describe the adult female. Henneguy (21) described 
briefly the deposition of wax in the adult of 0, iusignis, 

(b) The Male Instars. (Text-figs. 17-23.) 

The Third Imtar Male, 

The male nymph of the third instar forms a pure white cocoon. 
This is composed of loosely-twisted bundles of silken threads and 
close woolly curls like the wool of sheep. The cocoon is the 
product of the dermal glands. The silken threads appear first 
at the junctions of the segments and look exactly like a mould 
growing on the insect. At the sides of the abdominal segment 
it grows in tufts, and is more evenly distributed in the middle. 
Tufts also appear at the junction of the head and thorax. The 
white threads increase in length and bend forward over the 
head. The cocoon takes about two days to complete, and then 
the nymph lies quiescent in it until the next moult. The cast 
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skin of the second instar larva is found at the edge of the cocoon 
with its wax still adhering to it. 

The nyrnph is cylindrical in shape and pale green in colour. 
It measures approximately 2*6 mm. in length, hut is rather 
variable. Its general appearance is that of an elongated larva. 
The body is soft and covered by a transparent cuticle which fits 
closely on the legs and antennie. 

The antennae, which protrude from the anterior region of the 
head at right angles to tlie long axis of the body, are 8-seginented, 
wrinkled, and tapering to u. point. They measure seven-elevenths 
the length of the whole insect. The proboscis has disappeared 
and there is no sign of a mouth, as in the case of the pnp® of 
some other Ooccids. 

The segmentation is clearly marked by deep transverse furrows. 


Text- figure 17. 



Third lUHtar iiyniph. Male. Dorsal view, X 63. Binocc. Ok, 10, Obj. 32 mm. 
(For explanation of letters, see p. 305.) 


The head and thorax are half the length of the nymph. The 
head (text-tigs. 17 <k 18, II.) is distinct from the prothorax and 
narrower, though there is no neck.’’ It is triangular from the 
dorsal aspect. Outlie side.sof the head, posterior to the antennae, 
the com[)Ound eyes (GE^) of the adult appear as rudiments in 
the form of circular transparent patches of cuticle with a dark 
anterior region. Ov*er each eye is a transparent protuberance 
like a minute blister on the outer cuticle, which appears to be 
the remains of the larval eye, and is probably not functional. 
The compound eyes are not completely developed and the nymph 
is most probably blind. The mesothorax is the wddest part of 
the nymph. It bears the external wing-buds laterally, 

which bend round and press closely into the sides of the nymph 
and reach to the middle of the metathoracic segment on tha 
ventral side* The wings are fleshy pads, wrinkled in V-shaped 
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foMs under the outer cuticle. The metathorax and following 
four abdominal segments are almost the same width, being some- 
what narrower than the mesothorax. 

On the sides of the metathorax can be made out very small 
buds {RuWh.\ which are the buds of the future rudimentary 
metathoracic wings or halteres. 

There are eight segments to the abdomen. The last four taper 
to a downwardly-curved point where the external male genitalia 
will eventually form. On the dorsal aspect of the eighth 
abdominal segment can be seen a circular patch in the position 
of che anal plate of the larva. The anus appears to be abortive 
in this stage. Six muscle-bands run longitudinall}^ along the 
abdomen, three on either side. 

The legs, which are more slender than those of the larva, 


Text-figure 18. 



Third instar nymph. Male. Ventral view, X 63. Binocc. Ok. 10, Obj. 32 mm. 
(For explanation of letters, see p. 806.) 


measure approximately half the length of the nymph. They 
bear sette and have a very small claw at the end of a single- 
segmented tarsus. The femora have a wrinkled cuticle. The 
prothoracic legs are the shortest and the metathoracic legs the 
longest. 

Dermal pores have been observed on the cuticle, diflfering from 
the larval dermal pores in that they have more and a variable 
number of loculi in a single plate. 

The Fourth Ineta/r Male, 

After ecdysis the fourth instar male takes the form of a second 
nymph (text-figs. 19 &: 20). The insect now more closely assumes 
the shape of the adult. It has shortened considerably, especially 
in the abdominal region, the length being on the average 2*0 mm. 
The antenme (A,) lie along the sides of the body and are long 
and slender, reaching back to the posterior margin of the third 
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-abdominal segment. They are composed of nine segments, the 
two proximal ones being small and the remainder long and 
slender. They are beset with many setae and terminate in a 
strong curved spine. 

The segments of the body are clearly marked. The head (//.) 
is distinct from the thorax, there being signs of a neck. A pair 
of lateral compoiind eyes {CE.)^ not functional yet, lie behind 
the antennae. They are dark red in colour, but lie under the 
nymph al cuticle. 

The head and thorax are now two-thirds the length of the 
insect. The coxae of the probhoracic legs are closely applied to 
each other, the mesothoracic coxa3 are lateral and still lie far 
apart, while the metathoracic coxm are close together. The 
legs are two-thirds the length of the whole insect, and are covered 
with vSetsB. 

The mesothoracic wing-buds are dark brown {Me.w,h,\ larger, 
and reacli to the middle of the second abdominal segment. They 

Text-figure 11). 


Fourth iustar njrnph. Male. Lateral view, X 66. Ihnocc. Ok. 10, Obj. 32 lum. 

(For explanation of letters, see p. 305.) 

are closely applied to the si<les of the body and cover the ineta- 
thoracic rudimentary buds. 

The dorsal region of the thorax is bumped, and a definite 
waist appears between the thorax and abdomen ; in previous 
instars the thoracic and abdominal segments were almost the 
same width. 

The abdomen is composed of nine segments, tapering to a 
point where the external genitalia are developing. I cannot 
detect an anal orifice. 

The last ecdysis takes place in the cocoon, and the woolly 
^secretion adheres to the adult male for some time. 

The Fifth Inatar Male» 

The fifth instar male (text-figs. 21, 22, k 23) is the adult stage, 
and has the appearance of a small Dipterous fly. 

The length of the insect is 2*5 mm. The head {H.) is small 
a.nd the eyes {CE,) protrude laterally. The antennse are very 





294 MISS E. K. SIKES ON THE EXTERNAL MORPHOLOGY AND 


long and slender, being slightly longer than the body of the 
insect. They are 9-segniented, the proximal two segments being 
small and the remainder long and thin. They are covered with 
long setae. The male waves its antenn® about at right angles 
to the long axis of its body. The mouth is perfectly obsolete, 
its place being taken by a chitinous band. Atrophy of the 
mouth -parts in Ouccids frequently takes place during meta- 
morphosis. 

The head and thorax together are a little more than half the 
length of the insect. The thorax is larger than previously, 
the dorsum and tergum of the inesothorax being humped and 
strongly chitinised. 

The cox® of the legs are placed in relation to one another as 
in the fourth instar nymph. The legs are very slender and 
as long as the body, and bear a single hooke<l tarsal claw. 


Text-figure 20. 



Fourth ingtar Male. Ventral view, X 66. Hinoce. Ok. 10, Obj. 32 mni. 

(For exiilanatioii of letters, see p. 805.) 


The upper surface of the last abdominal segment is furnished 
with a tuft of white bristles, in many cases longer tlian the 
insect itself. Tliey are spread out like a fan and elevated during 
mating. 

In the third and fouith instar nymphs there appear to be two 
pairs of lateral spiracles on the thorax and a lateral abdominal 
spiracle on each abdominal segment: 

The wings {W,) are long and reach beyond the posterior end 
of the body by more than half the length of the insect. In 
repose they are crossed over the back of the insect with their 
surface flat on the dorsal surface of the insect. 

The wings are very transparent and rounded at the apex. 
They have very few veins. 

A short spur representing the subcosta (text-fig. 23, sc.) lies 
near the anterior border of the wing. Below this a strong vein 
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runs to the apex of the wing. This is the radius {It)* Another 
vein {Qu.) less distinct arises near the base of the radius an<l 
runs across the middle of the wing to ilie anal margin. This 
may^ be the cubitus, and the slight thickening above it the 
medius. There is an indication of an anal vein below this one, 
but it is very indistinct and uncertain. 

Hie wings of Orthpzia show other shadowetl portions which 
are not veins, but might easily be inist.aken for such. The 
haltere (text-fig. 23, ItuW^) lias the form of a curved rod, convex 
on the dorsal liorder. It is composed of a very stiff chitin, and 
at its distal end bears three hooked spines \n.) on tl»e dorsal 
aspect wliich curve to point finally in a ventral direction. The 
length of the haltere is 220;li, and the spines at its distal end 

Text-figure 21. 



are 50/4 long. Eudi lies in repose, in a very small upturned 
flap in the mesothoracic wing of its side. 

Patch (29) and also Comstock (7) say that in a wing so highly 
specialised as that of the Coecid it is not improbable that the 
tracheation has lost its value as a basis for wing- venation. In 
her description of the tracheation and venation of the wings of 
Dactylopim and other Coccids, Patch (29) says that the trache«e 
are in two groups, the dorsal group sliowing the subcostal and 
radial trachem running close together and crossing and recrossing 
frequently in their course. Below these two interwoven branches 
the median trache® pursue a common course. Comstock (7) 
gays that the median trachea is in the costo-radial group, and 
perhaps a transverse basal tmehea does not divide in Coccid®, 
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The second group shows a cubital and an anal trachea running 
near together. 

As the tracheae remained distinct after the veins began to 
form, it was possible to see, according to Patch (29), that one 



Fifth instar. Adult male. Ventral view, X 63. Binocr. Ok. 10, Ohj. 32 mm. 
(For explanation of letters, see p. 305.) 


vein, tlie radius, followed the course of the subcostal and radial 
tracheae ; anotiier, the niedius, followe<l the course of the first 
tracheal group, and then followed mainly the median tracheae 
across the wing, but in places appeared nearer the course of the 
cubital trachea. 


Text-figure 2i3. 



Wing. Mesothorftcic and rudimontary metathoracic wing. Adult male. 
Camera. Olt. 2, Obj. 2eii»8 A. 

(For explanation of letters, sec p. 305.) 

Patch (29) says that coalescence of tracheae occurs in Coccids, 
Psyllids, and Aphids. 

Berlese (3) and Henneguy (21) mention the presence of halteres 
and their conformity with those of Orthorhaphic Diptera. 
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Kirchner (24) is the only author to describe the male inscars 
of 0. uriiccB^ and this is, indeed, a very brief description, owing to 
lack of material. I cannot detect anything resembling ‘‘the 
two long divergent tail-like appendages of the anal extremity 
of the first-stage male nymph.’' 

Newstead (28) and Jinnis (22) mention that atrophy of the 
mouth-parts takes place in the pupje of Coccids 

Burineister (5) and Westwood (32) describe a male which they 
attribute to 0, but it seems likely that it is some other 

species. 

Life-history. 

Tlie life-history of 0. urtiew may be briefly described as 
follows ; — The eggs are laid in batches from the end of May 
until September, and hatch after remaining in the brood-sac for 
about three weeks, so far as I can ascertain. 

In the first and second instars the sexes cannot be distin- 
guished. 

The male passes through two larval instars, and then becomes 
a nymph in which developing wings are visible externally. Two 
further eedyses reveal the final oradidt instar. 

The female passes through three larval instars and then 
becomes the adult, in which no wings are present, 

0, Hvtiew reproduces parthenogenetically. Yoiing first instar 
larva' were obtained in September 1925. These were kept in 
breeding- cages, and in the spring of 1920 each male. as it became 
ni»parent, was removed from the breeding-cage in its nymphal 
stage. In the summer of 1926 the females of these 1925-hatched 
Coccids had readied their adult stage and produced young, 
obviously without the intervention of a male. 

Males of this species are extremely rare. 

(a) Habits of tije I.arv.e. (Pb 1. figs. I & 2.) 

The eggs are white when laid, but ajipear pale yellow as tlie 
embryo develops. Cn opening a full brood -sac, the eggs near 
tlie genital aperture are seen to be white, while those furthest 
from it are yellowish to pale brown. Tlie average length of the 
egg when laid is ()’58() inin. and the width, in tlie middle, 
approximately 0*320 mm., tbe egg being oval. The eggs are 
laid in a wax pouch formed by the adult female, and are com- 
pletely surrounded by a pure white woolly secretion, which 
appears like fine wavy threads, acting as packing for tlie eggs. 

The young larvae hatch in the brood-sac, and remain there 
until they have acquired a scant covering of wax secretion, 
which appears as a slight white pubescence on tbe dorsal surface* 
The larvie crawl out through a split in the wax at the distal end 
of the maternal brood-sac. 

The larvsB ore always found feeding on the stem or the veins 
on the under side of the leaves, preferably on the mid-rib, where 
there would be the best flow of sap. They insert their piercing 
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stylets far into tlie juicy vein» so that the distal end of the 
proboscis rests on the surface of the vein and the proboscis itself 
(labium) does not enter the tissues. The posterior end of the 
body is elevated so as to be in a line with the proboscis, and 
makes an angle of about 30° with the leaf. Tliis position may 
be retained for hours. When walking, the body is placed 
parallel to the surface walked on, with the pronoseis hanging 
down at right angles. All movements are sluggisli. 

The larva secretes a, clear, glutinous substance which becomes 
opaque on exposure to the air. This substance passes out of the 
anal orifice, and is probably the animafs natural excrement. 
This is known as the “ lloneydew of Coccids. Ft is left on the 
leaves as a black dejiosit into which a Mycelium penetrates. 
This, however, apparently does not damage the leaves. 

The first instar larvie (PI. I. fig. 1) grow rapidly during the 
summer months, but late broods, hatcbing at the end of August 
or beginning of September, remain in the first instar for a longer 
time, and only have one ecdysis before the winter. 

In early summer broods, the second instar lasts for two or 
three wrecks, but August and September broods hibernate in this 
stage. 

l)uring the spring and summer months the larva? are foun<l on 
Sage and Stitcbwort; but later on, in the autumn, they seem to 
leave the Stitcbwort and are found mainly on the Sage. 

The larva moults by first anchoring itself by its proboscis and 
claws; tlien a split occurs in the dorsum of the meso- and 
metntlioracic segments and extends into the fii’st two or three 
abdominal segments. The next instar larva emerges by first 
piisliing out its thoracic segments and then its head. It then 
crawls forward out of the old skin, which adheres to the liind 
abdominal segments for some time Fiefore falling of!’. 

The white wax armour takes four or five days to com}>lete. 
An actual example may be given. On May 4th a larva cast its 
skin, and then apjiefired pale green witli light brown legs and 
Autennse and no sign of wax. On May 5th it was covered by a 
slight white pubescence of wax. On May 6th the wax was seen 
to be arranged in definite divisions. The body was darker. On 
May 7th plates could be made out protruding sideways, and the 
anal funnel bn<l begun to form (PI. I. fig. 1, aZ.) round the anus. 
The body was covered with wax. On May 10th the plates had 
increased to their final state. 

List ( 26) mentions the preference of the larvte for the under- 
sides of leaves. Newstead (28) and Amyot and Serv’ille (1) 
mention the honeydew of Coccids. Newstead (28) says that the 
sexes are rarely distinguishable in larval Coccids ; I am inclined 
to think that the second instar males are longer in proportion to 
their width than the females. Schmidt (80) says that in the 
Ooccid Aajnd^iotm nerit the sexes are indistinguishable in the 
young larvfi?, but he thinks the later male larves are more slender 
i^an the female. 
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(b) Habits of the Female. (PI. 1. fig. 3, PI. II. fig. 4.) 

After the second instar the sex of any individual is dis- 
tinguishable. The third instar female and the adult move 
sluggishly about on the food-plant as do the Inrvje, The general 
activities, mode of feeding, an<l method of ecdysis of the third 
and fourth instar females are sirnilai' to those of the larvcp. The 
third instar female stage lasts only a week under favourable 
conditions, but late autumn females of this instar remain in this 
stage to hibernate through the winter, not moulting until the 
following April or May. 

At the end of April or beginning of May the adult female 
insect shows signs ot developing the brood-sac (PI. II. fig. 4, Bp.), 
The eggs are lai<l in tlie brood-sac, which entirely obscures the 
genital aperture, which is situated on the ventral side of the last 
abdominal segment. 

The young larvae hatch in the hrood-sac and remain there for 
about two days before emerging. 

The adult females always crawl to a qniet corner of the 
breeding-cage, or under «ieatl leaves, during the time of egg- 
laying, w’here they remain without feeding, often for more than 
n week. When the larvat are about to emerge from the brood- 
sac, the mother crawls up a fresh twig of sage and clings to the 
stem in a perpendicular position, while the lame emerge down- 
wards and creep away on to the veins on the ventral side of the 
leaves. It is a common sight among colonies of Orthezut to 
the old female on the underside of a leaf surrounded by so many 
young timt they make tlie \eins appear as though painted thickly 
with wliite paint. 

During the course of the four iustais the female grows wider 
in proportion to her length, so that the adult female appears 
circular iu dorsal view. 

The female remains in its four instars for a variable length of 
time according to the time of the year, the shortest life-cycle, in 
hot dry weather, taking about six to seven weeks to complete. 

Tlie larvae and latei* female installs seem to be able to endure 
cold and wet to a fairly large extent, but prefer a dry aspect and 
become more active in the warmth and sun. 

An adult female produces a variable number of young. From 
several females, which 1 observed closely, 1 obtained an average 
of 60 per female. These did not all emerge at one time, but 
frequently 18-20 emerged in each ot three distinct broods with 
intervals of about a week heiv^een each hatch. 

Among the young larvae and eggs in the brood- sac of the 
female I found a numlier of parasitic mites ciawling about in 
the woolly secretion surrounding the growing young. Probably 
I obtained fewer young from my captive adults than 1 should 
have done had the bro^-sac been free from paiasites. Edwai-ds 
( 18 ), in a Inrief outline of the life-history of Orthezia^ calls the 
entire state intervening between egg and adult by the term 
nympb. Kubni Eannan (88) records four female instaie of 
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0, insignia^ and says that the interval between successive moults 
is about two weeks. 

Sevei’al captive adult females, after producing broods in 
summer, 1926, lived through the ensuing winter and began to 
feed again in February, but in July had not shown any further 
signs of reproducing. This disagrees with Newstead’s (28) 
statement that female Coccids never winter in the adult stage. 
Probably they cannot live through the winter in their natural 
exposed state. 

Amyot and Serville (1) say that TAbbe d'Orthez (9) found 
85 young and 15 eggs in one brood-sac. Kuhni Kannan (23) 
gives 80-110 as the niimbei*s of a complete lirood in 0. insignis^ 
and Kirchner (24) records 80 for 0. urlicce. These are all larger 
broods than 1 obtained, which is probaby due to the influence of 
the pamsitic rnite. 

Kirchner (24) and Ainyotand Serville (1) found a beetle larva, 
Ilyperaspis repmsis, parasitic in the brood-sac, and the latter 
authors mention that it <levours the young as they hatch. 

(c) Habits of the Male. (Text-figs. 17-22.) 

The Third Insiar Male. 

At the end of February and beginning of May during the 
second insbar, the male larva crawls to a corner or scdects a curled 
dry leaf or the angle betw€»en the leaf and stem of a twig. In 
the breeding-cage the favourite place was the top corners of the 
wood\\ork. The larva remains here cpiiescent for at least a 
fortnight. It then moults, and the third instar (text-figs. 1 7 & ] 8) 
takes the form of a nymph possessing a pair of mesothoracic 
wing-stumps showing externally. The nyniph secretes, from 
dermal glands, a flocculent enveloping cocoon, which is white, 
tinged with pale green, and extends from the insect to a distance 
of about half an inch. The nymph lies quiescent, but if dis- 
turbed, first walks slowly away, and then stiffens and shams 
death, with its legs bent up. The secreting of the cocoon takes 
about tw o days to complete. 

The Fourth Insiar Male. 

After four days to a week the nymph again moults and 
assumes the second nyinphal stage, which is the fouith instar 
(text-figs. 19 & 20). Tlie wing-buds (J/e.tc.6.) are longer, and 
the nymph has assumed the general body appearance and shape 
of the adult male. On eedysis the nymphal skin splits along the 
back and the nymph emerges backwards, in contrast to the larva, 
which emerges forwards. The nymph crawls out of its third 
iustar nymphal cocoon, leaving the exuvium behind, and the 
fourth instar nymph immediately begins to secrete a new cocoon 
of exactly the same type as the last, close to or at some little 
distance away from it. This second nymph is quiescent, but 
moves away if disturbed. It remains in this stage for a week or 
nine days; then eedysis takes place once more, and the adult 
winged male emerges as the fifth instar (text- figs. 21 k 22). 
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The Fifth Inatar Male, 

There are exceedingly few males developed compared with the 
number of females. Uuring the spring of 1926 I only obtained 
about twelve. 

The mouth of the male is sealed, there being no feeding during 
the final instar. 

The adult male crawls about on the leaves and twigs and 
rarely flies, and then only for short distances from leaf to leaf. 
It crawls about among the larv© and females, and selects either 
a third instar larval or an adult female, and copulation follows. 
This is intermittent and lasts for about an hour and a half. 
The male then dies, about five hours after copulation. This fact, 
that males mated with undeveloped females, I have observed in 
several cases. 

I have, on several occasions, watched a newly-emerged male- 
put among adult and larval females, and in no case did the male 
mate with more than one particular female, and, although it 
frequently wandered away from her, it always sought her out 
again, passing by any others it met on the way. Continuous 
observations of the movements of the male for 2~3 hours 
during copulation vrere made, tlie actions which took place during 
that time being noted. In one case, where the final moult began 
in the early morning and was complete by 11 a.m., the male 
begun to walk away from the cocoon at 2 p.m., and the wings 
were then stretched. Jt returned to the nymphal cocoon in the 
evening, and did not seek a mate until two days later, remaining 
quiescent for all the intervening da 3 \ At 9.30 a.m, on the third 
day of its adult existence, the male chose a third instar fenjale, 
copulation followed, accompanied by excited movements of the 
legs, antenna*, and wings. The position assumed by the male, 
mounted on the hack of the female, was almost always identical. 
The prothoracic legs rested on the median wax plates of the 
dorsal region of the female abdomen, the mesothoracic legs 
gripped the posterior aspect of the female abdominal plates, and 
the metathoracic legs of the male gripped the fourth and fifth 
abdominal sterna. The legs moved continually up and down as 
though marking time. The anterior pair of legs of the male 
were pressed close tf)gether on the median line of the dorsal 
abdominal places. They then moved about 1 mm. apart, and then 
touched together again at intervals in an excited manner. The 
wings weie mised and spread slightly apart at an angle of about 
46® with the body. The white tufts at the end of the male 
abdomen were raised and stietched out parallel to the wings. 

During mating the female assumed the inclined feeding 
position, with her body raised posteriorly at an angle of about 
46® with the substratum. She moved forward slowly at the rate 
of about half an inch in seven and a half minutes. 

The adult males which I obtained in captivity never lived more 
than 48-^72 hours. 

The fecundated undeveloped females (third instar), which I 
separated under glass cylinders, unfortunately died without 
Paoc. Zoon» Soc.— 1928, No. XXL 21 
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further moult, though in some cases living through the winter or 
for some six or eight months, so that I have not yet further 
investigated this peculiar occurrence of fertilisation of unde- 
veloped females. 

The males attain their adult stage earlier than the females, 
being found in small numbers for nearly three and a half months 
from the beginning of March in a warm spring until the middle 
of June. 1 found no more males during the year after June. 

Douglas (11), on OrtUezia^ refers to fertilisation of undeveloped 
females, and Amyot and Serville (l)say “the females are subject 
to moulting after pairing, but not so frequently as before.’* 

According to Newstead (28) there are only three instars in the 
male of 0, insignia. He never found a male 0, ^rtim. He says 
that after one moult the nymphal instar is obtained with 
external wing-pads. It seems unlikely that a species so nearly 
allied to 0, urticoe should have two less instars in its life-history. 
Schmidt’s (30) five instars for Aspidiotus nerii agree with my 
findings in Orthezia, Imms(22) says that three female and four 
male instars are the most common among Coccids. 

Kirchner (24) records males from the second half of May and 
no earlier. Amyot and Serville (1) found males in September 
“ after three or four moults.” 

Summary. 

All stages of the Coccid Bug, 0, tirticce^ were collected and 
bred in the laboratory to investigate the number of instars 
and the morphology. 

The first and second instar larvie are sexually indistinguish- 
4 tble. The male has two larval, two nymphal, and a winged adult 
stage. The female has three larval and a wingless adult stage. 

Breeding and growth take place rapidly between May and the 
^end of August. The males attain the adult stage in March, and 
.are found in very small numbers until the middle of June. The 
females begin to form their brood-sacs in May or June, and 
reproduce throughout the summer months. From the beginning 
of September to the end of January the insects hibernate. 

The occurrence of 0, urticas in its difierent instars is summed 
up in the table see (p. 303), from the events noted during the time 
1 have had the Coccids under observation. 

In the external morphology it is noticeable that there is a 
breaking-up in the wax plates to coincide with the segmentation 
*of the insect, and extia intermediate blocks are cut off from the 
originally-placed main blocks. The glandular setas become more 
numerous from the first to fourth instar of the female, and the 
outline of the insect becomes almost circular, the abdomen 
shortening considerably in the adult stage. The male nymph 
of the third and fourth instars possesses external wing-stumps 
on the mesotboraXf and an indication of metathoracic h^teres is 
seen on the fourth instar nymph. The adult male has a pair of 
mesothoracic wings, but lies very littie and only Htss for a 
iew days. 
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Table of Life-hiatory oj O. urticaB. 


Instar. 

Fjsmalb. 

Male. 

1 

Larva. 

i Larva. 

2 

Larva. 

1 Larva. 

3 

Larva. 

Nymph (external wing-pads). | 

4 

Apterous adult. 

Nymph (cxtcnial wing-pads). [ 

6 

— 

Alato adult. | 


Table to siww which instar a may be found in eazh month of the 
yea)% both out of doors and in captivity . September 1925 to 
August 1926. 


Month. 

I 1925. 

' September , 

I October , 


i November 

I December , 

( 

I 

i 1926. 

j .JAuaary.. 

: February . 


March ... 
A pril 


Wood End. 


I 


1, 2, 3, 4 (mstars). 
1 , 2 . 

1, 2, 3. 4. 

1 , 2 . 


Labohatory. 


( 


May 

June 


[Juy .... 
Aaguat . 


i 2. 3. 

2 . 

2, 3, hibernating. 


2 , 3 , „ 

2 , 

2, 8, slight activity. 


2, 3, slight activity. 

2, ft ,» 

2, 3» active. | 

2, 8, 4, 6, active. 

(8, 4, 5, only at eml 
of mouth). 

2f 8.4. 

12,8,4,6. 

i 1 , 9 , 3 , 471.1 only 
j end of 

1 , 3,8,4) mouth. 

1, 8. 8, *• 

' 1 , 8 . 

11 , 8 , 8 . 4 . 

1 , 8 . 




1 

1 


1, 2, 3, 4, put in 

cage. 

1 Female instars. 

1.2. 


Male 


1. 2, 3, 4. 


, Female 


1,2. 


1 Male 


*(^i). 

(ft). 

I 


2,3, 

2, 3^ 

1 Female 


2, 

: 2. 

Male 


2, 3, hibernating. 

: 2, 3. 

Female 


2, 

i^- 

' Male 

j 


2, 3, „ 

1 

2, 3. 

’ Female 


2 

2. 

, Male 

It 

All died 

2, 3. 

Female 


excefit eix. 

1 2, 3, 4, 

6. Male 

>1 


♦(a) « Kept in moss etc. 
in cold. 

(5) so Kept in warmth. 


3, 3. 

j 2. 3f 4f 5. 

2, 3. 

' 2, 3, 4, 6. 

i 2, 3, 4 . 

2, 3, 4, 6. 

j 1, 3, 3, 4 1 

I. 9, 8 , 4) of”®”*'*- 

: 1.2, 8, 4. 

II , 8 . 

,1.8, 3. 4. 

1 . 8 . 


j Female 
i Male 
I Female 


I 


iMale 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

21 # 
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Lettering of Figures. 


A. Antennse. 

Me.w.h. Mesothoracic wing-bud. 

A, 1~8. Segments of anientup. 

Mp. Marginal plates. 

Ant. Anterior. 

me.d.p. Mesothoracic dorsal plate. 

ah. 4r>10. Abdominal segments. 

Mt.d.p. Motathoracic dorsal plate. 

abp. Abdominal pyramids. 

Ne. Neck. 

ahsp. Abdominal spiracles. 

P. Proboscis. 

al. Anal wax tube. 

pd. Dfpiession on femur. 

ao. Anal orifice. 

pdp. Prothoracic dorsal plate. 

ap. Anal plate. 

pt. Pear-shaped tube. 

Jfp. Brood-sac. 

H. Radius. 

JBr. Anal bristles. 

IduW. Rudimentary wdng. 

C. Coxa. 

UuWh. Rudimentary wing-bud. 

CJS. Compound eye. 

S. Set©. 

Cm. Cubitus. 

s. Spines. 

Cj/t Glutinous folds. 

th. Spiracular bulb. 

CA. Cephalic wax plates. 

$c. Subcosta. 

CA.p. Chitiuous anal plate. 

»pc. Spiracular cone. 

d.p. Dermal pores. 

tp.t. Hpiracnlar tube. 

JS?. Simple eye. 

Sy. Stylets, 

ec. Extra cone of eye. 

T. Tibia. 

F, Femur. 

Ta. Tarsus. 

ff.9. Glandular seta*. 

Tc. Tarsal claw. 

pu. Gustatory organs. 

Th. 1-3. Thoracic wax plates. 

JI. Head. 

Ts. Terminal spine. 

A, Hypodermis. 

T.$p. Thoracic spiracles. 

im.h. Imaginal wing>bud. 

JK Wings. 

ip. lutemediate plates. 

X. Sj)ecial seta*. 

l€. Lens. 



EXPLANATION OF THE PLATES. 

Plate I. 

Fig. 1. First iiistar larva with wax secretion. Dorsal view, X 17o. Binocc. Oc. 10, 
Obj. 48 inm. 

Fig, 2. Second instar larva with wax secretion. Dorsal view, X 100. Binocc. 

Oc. 10, Obj. 48 mm. , 

Fig. 8. Fourth instar larva with wax secretion. Dorsal view, X 46. Female. 
Binocc. Oc, 10, Obj. 48 mm. 

Plats II, 

Fig. 4. Fourth iustar. Adult female with brood-sac and wax secretion. Dorsal 
view, X 28. Binocc. Oc. 10, Obj. 48 mm. , 

Fig, 6. Second instar larva. Male. With wax secretion. Ventral view, X 110. 
Binocc. Oc. 10, Obi. 48 mm. 
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15, On Abnormalities in Jiarta temporaria chiefly affecting 
the Vascular System. By J. H. Lloyd, M.Sc. (Birm.^, 
F.Z.S., Lecturer in Zoology and Cvomparative Anatomy,. 
University College, Cardiff. 

[Received March 7, 1928 : Read April 17, 1928.] 

(Text-figures 1-7.) 

Most of the specimens described in these notes were observed 
during the dissection of many hundreds of frogs for class purposes 
in the course of the last few sessions. All the frogs belonged to 
the species liana temporaria. 

Specimen A, 

This animal possessed two distinct normal-sized spleens 
attached to the mesentery in the usual position dorsal to the 
•tomach. The animal was perfectly normal in all other respects* 
Sex not noted. 

Specimen B. (Text-figure 1.) 

This specimen was a male. In it the anterior abdominal vein, 
instead of opening in the normal manner into the liver and 
hepatic portal vein, opened into the left subclavian vein, just 
before the latter united with the internal and external jugular 
veins to form the left anterior vena cava. The abdominal vein 
was abnormally large. 

The sole supply of venous blood to the liver was through the 
hepatic portal vein, and the posterior vena cava was normal. 

It is interesting to compare the condition seen in this specimen 
with that found in Ceratodna (5 and 15), where the anterior 
abdominal vein opens into the right ductus Cuvieri and a 
persistent posterior cardinal vein opens into the left ductus 
Ouvieri. 

During embryonic development the anterior abdominal vein of 
the frog originates by the fusion of a pair of larval veins which 
convey blood from the hind limbs to the sinus venosus. Later 
the connection to the sinus venosus is normally lost, so that its 
persistence in this specimen represents, as has been pointed out 
by previous writers, a persistent embryonic condition. 

The condition observed in this specimen has been previously 
noted, with variations in detail, by Buller, 1896 (1) ; Woodland, 
1910 (18); O^Donoghue, 1911 (11); Collinge, 1915 (8); and 
lastly by Bales, 1925 (8). 
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Specimen C. (Text-figure 2.) 

This was a female which showed a primitive condition of the 
renal portal veins. According to Hochstetter (6), the posterior 
cardinal veins, in the region of the kidney (mesonephros), form 
two main channels, an inner and an outer. Tlie inner channel 

Text-figure 1. 



A.V. Anterior abdominal vein. A.V.C. Anterior vena cava. £.J. External jugular 
vein. I. J. Internal jugvlar vein. P.V, Pelvic vein. 8.C. Subclavian vein. 

eventually fuses with its fellow to form the inter-renal portion of 
the posterior vena cava. The outer channel loses its connection 
with the posterior cardinal vein anteriorly and becomes event- 
ually the renal portal vein. In the specimen now described 
both right and left renal portal veins are continued forwards 
around the anterior borders of the kidneys and unite with th^ 
posterior vena cava. Theie is, however, no connection posteriorly 
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between the renal portal veins and the inter^renal portion of the 
posterior vena cava. 

A condition similar to that seen in this specimen has been 
descril>ed by Shore, 1900 (14) and Collinge, 1915 (2). In their 
^examples, however, the abnormality occurred on the left side of 
the body only. Both these writers suggest that the most 
probable explanation of this abnormal vein “ is that it is a 
persistent part of the left posterior cardinal vein which normally 
disappears during the later parts of larval life.’^ This explanation 
would hold good in the present case, except that here portions of 
both right and left posterior cardinals have persisted. 

Text-figure 2. 

RV.C. 


.PM 


I.R.V. Inter-renal vein. K. Kidney. P.V.C. Poeterior vena cava. 
li.P.V. Renal portal veins. R.V. Renal veins. 

Specimen D. (Text-figure 3.) 

This specimen, which was a male, was given to me some years 
ago by the late Professor W. N. Parker in a bottle which was 
labelled ** Frog with two hearts ? ” The examination of the 
specimen, however, has shown that, although at first sight there 
appeaored to be two hearts present, in fact there was only one. 
This heart was, however, of a primitive type closely comparable 
that cl an Blasmobranch fish, 

. A thin-walied sinus venosus, which received both right and left 
anterior ve»s» cavm and the posterior vena cava, lay dorsal to and 
iqpeaed into a single thick-walled auricle. The auricle lay close 
to the left side of a large thick-walled ventricle, to which it was 
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joined by a narrow tubular stalk. A conus arteriosus was given 
off normally from the ventricle, and divided into the three main 
arterial trunks on each side. 

As the specimen had been in spirit for several years, it was not 
possible to trace the pulmonary veins, and injection was, of 
course, impossible in a specimen which had lost all its 
elasticity. 

The only other case of a somewhat similar heart, which I have* 


Text-figure 3, 



AU. Auricle. A. V.C. Anterior vena cava. C.A. Conns arteriosus. P.V.C. Posterior 
vena cava. S.V. Sinus venosns. V. Ventricle. 


been able to trace as recorded, was described by Lyle, 1899 (0), 
but his specimen differed from that described here in several 
impoi-tant features. 

In Lyle’s specimen the chambers were arranged more or less 
in line, the sinus venosus, which was the most posterior, being 
followed by an ** accessory chamber” (to the auricle), an auricle 
with an incomplete septum, a ventricle, and a conus arteriosus. 
The posterior vena cava opened into the sinus venosus, as did also 
the pulmonary veins, but the right and left anterior Venn cavn 
opened into the auricle. 
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Spedmm E, (Text-figure 4.) 

This specimen was a male which was characterised by the 
complete absence of a right anterior vena cava. The veins which 
normally unite to form the right vena cava were joined to the left 
external jugular by an anterior connecting branch, which arose 
from the anterior end of the right external jugular vein. The 
right external jugular vein was abnormally large, but the right 
mandibular and lingual veins were smaller than the corresponding 
veins on the left side. 

The right subclavian and innominate veins were normal. All 


Text-figure 4. 



AU. Auricle*. C.A. Conus arteriosus. E.J. External jugular. I. Innominate 
vein. I.J. Internal jugular. L. Lingual. M. Mandibular vein. S.C. Sub- 
clavian vein. S.S. Subscapular vein. V. Ventricle. 


the blood from the right side ultimately passed into the left 
anterior vena cava. 

Flattely, 1926 ( 4 ), mentions an example which appears to 
difiTer, from the one described here, in the fact that the connection 
betw^n the jugulars was situated more posteriorly. 

White-Thompson, 1927 (16), has recently described a specimen 
which agrees very closely with my specimen E. 

Spedmm F. (Text-figure 6.) 

This specimen was a female, and was characterised by the 
presence of the left posterior caixiinal vein, which opened anteriorly 
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into the anterior vena cava. Posteriorly the persistent cardinal 
was continuous with the renal portal vein. In addition, a branch 
was given oft’ by the renal portal vein, which ran dorsal to the 
kidney and joined the posterior end of the persistent cardinal 
near the anterior boi’der of the kidney. 


Text-figure 5. 



^.V.C. Anteiior vena cava. E.J, External jnipilar vein. U. Internal jugular 
vein. I.R.V. Inter-rennl vein. P.C.V. Posterior cardinal vein. P.V.C. 
Posterior vena cava. R.P.V. Renal portal vein. ii.V. Renal vein. S.C. 
Subclav au vein. 


The posterior vena cava was noimal, esccept for the fact that the 
inter-renal portion was short and only received two renal veins 
^n each side. 

Persistent cardinal veins l)ave previously been noted by Howes, 
1888 (7) ; Parker, 1889 (13) ; Woodland, 1906 (17) ; O’Donogbwe, 
1910, 1913 (10 and 11); Oollinge, 1915 (8); and Lloyd, 1921 ( 8 ). 
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Specimen 0» (Text-figure 6.) 

This specimen was a male. The femoral, sciatic, and pelvic 
veins were normal, and the two former on each side united in the 
usual manner to form the renal portal veins. These, however, 
after running along the outer borders of the kidneys for about 
half their length, turned and ran across the ventral surfaces of 
the kidneys to unite with the posterior vena cava. 

The only otlier case which J have been able to trace that 
resembles this at all w’^as described by Collinge (2). Tn his 


Text-figure fi. 



F. Femoral vein. P.V.C. Posterior vena cavii. li.P.V. Renal portal vein. 

S.V. Sciatic vein. 

specimen the condition on the right side was similar to that 
described above, but the left renal portal vein was entirely 
absent. 

Specimen H. (Text-figure 7.) 

This animal was a male. The pancreas was absent from the 
normal position between the stomach and duodenum. A small 
lobe, however, was present, attached to the distal end of the 
duodenum, from which a band looped around the duodenum and 
joined the outer lobe of the left lobe of the liver. This bridge of 
tissue was apparently composed of liver and pancreas, the 
pancreatic portion being mesial. 
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The right lobe of the liver was reduced to about a quarter of 
its normal size, and was fused to the anterior end of the right 
corpora adiposa. This latter structure was also attached normally 


Text-figure 7. 



I), Duodenum. C.A. Corpora adiposa. G.B. Gall-bladder. K. Kidney. 
L. Liver. P. Pancreas. S. Stomach. T. Testes. 


to the testis. The posterior end of the right lobe of the liver was 
attached to the outer border of the right kidney. I was unable 
to trace any bile-ducts from the right lobe of the liver. 
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16 . Some Copepoda from Tanganyika collected by 
Mr, S. U. B. Pask. By Kobeut Gurney, D.Sc., F.Z.S* 

[Received February 22, 1928 : Read April 3, 1928.] 

(Text-figures 1-8.) 

The following notes on Copepoda are the result of working out 
some collections made by Mr. Pask in 1926. Some of these 
collections are plankton taken in open water from a boat, while 
others were taken by towing a net in the shallow water by the 
shore when wading. All, however, seem to contain littoral 
species more than those of the plankton, and the tubes contain a 
mass of detritus, among which the relatively few Copepods have 
to be diligently sought for. As all the species are very small, 
it is quite possible that some species may have been overlooked. 
A characterLstic of the samples is the large number of empty 
skins of Schizopera and young Cpclops. The abundance of the 
fish -parasite Krgasilokles is also noteworthy. 

It is to be regretted that Mr. Pask w'as not allowed greater 
opportunity to collect the Entomostracan fauna, since it is evi- 
dently as peculiar as the fi.shes and other groups of which so 
much is already known. 

The Entomostracan fantm of Tanganyika is ns remarkable for 
the absence of forms which might be expected to occur as for the 
presence of numerous endemic species. Tlie entire absence of 
Clad<XJera from the lake lias been noted by Cunningtou as 
one of its most remarkable features. This absence is the 
more striking in that Cladocera do occur in waters directly con- 
nected with the lake. Thus Cunnington (1920, p. 568) says that 
he found various species in tow-nettings taken in the mouth of 
the Lofu Iliver, which entei’s the lake at its south-western 
comer, Mr. Pask’s collection includes a sample (No. 413 F) which 
was taken among weeds in the blocked-up river-mouth at 
Kirando (east shore near south end), and this sample contains 
the following species : — 

Clai>ocbba. Copbpopa. 

P$$udo 9 ida 8zalayi Daday. Cydopu (s. lat.) leuckarti CIs. 
trisericUis Bt^y „ varieana Bars. 

(syn. if. chevretuei G, R.). agiUndea Bars. 

Chydorua sp. n praainua Fisch. 

Not one of these species occurred in the samples taken from the 
lake itself*, and all, with the exception of Faeudoaida and to some 
extent C. agihidea^ are species of enormously wide distribution. 

e C. and 0. hMHrti are raoordad from the Ithe by Sars. 

Paroo. Zoou Soc.— ‘1928, No. XXII. 22 
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Cunnington suggests (1920, p. 570) that the absence of Olado* 
cera is due to excess of magnesium salts in the water, and there 
is reason to believe that these salts are toxic to some Cladocera 
{Daphnia). That there is some toxic influence at work is shown 
also by the facts relating to the Rotifera and Algce (Cunnington, 
1920, p. 569). 

The Entoinostracan fauna is noteworthy also for the absence of 
any species of Canthocaniptus or of any species of the restricted 
genus Cyclops^ while only one species of Diaptoimis is present as 
against two in Lake Victoria. On the other hand, we find a 
remarkable wealth of closely-allied forms of the genera Eucyclops 
and Microcyclops, which seems to indicate a kind of explosive 
evolution from a few primary inhabitants. It appears that the 
waters of Lake Tanganyika are not easily colonised by Entomo- 
straca, but that those species which effect a footing are apt to 
break up into groups of numerous distinct species. 

CALANOIDA. 

Diai*tomus simplex Sars. 

This is the only species hitherto found in Tanganyika, and 1 
have seen but few specimens in Mr. Pask’s collection. 

CrCLOPOIDA. 

CYCLOPIDAi:. 

Cyclops 0. F. M. 

Prof. Sars’s subdivision of the old genus Cyclops (1918), while 
excellent in itself, was unfortunately made without regard to 
previous work, with the result that some of his generic names 
must lapse in favour of those of Claus. Kiefer (1927) has 
attempted a revised grouping of the Cyclopiclie, has restored some 
of Claus’s names, and has introduced a number of new ones ; but 
it is doubtful if liis conclusions will be accepted genemlly. On 
one point in nomenclature be seems to be at fault. Parmyclops 
Claus (1893) was founded for C, phaltraivs and C, fimhriatKs ; 
consequently the former should be the type. If, then, the two 
species are to be separated, it is fimhriatiis and not phaUratus 
that should be removed to a new genus-— in this case to Platy 
Cyclops Sars. Eotocyclopa Brady will then remain a synonym of 
Paracyclops instead of replacing PUUycyclops with phaleratm as 
its ty^. On general grounds, too, it seems most undesirable to 
supersede a genus such as Platycydops Sars by a genus so ill- 
founded as Brady's Ectocyclops. The question of the relationship 
of the three forms C. phaleratm^ O.affinis is 

by no means clear ; probably each should be the type of a genus 

Paracydops Claus, Platycydops Sars, and Seterocyelops Claus. 
One of the species described below is evidently most close] v 
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related to (7. pJhaleratm^ and I refer it to Paracyclopa Claus (but 
not Paracyolopa Kiefer), wliile I include C. oligarthrua Bars in 
Platycyclopa Sars. I'he relationships of the many species with 
the rami of the lej^s two-jointed and the fifth legs reduced and 
one-jointed is still in doubt. It seems best, provisionally, to 
refer the species mentioned below to Microcychps Claus (Syn. 
Cryptocyclopa »Sars). 

While Sars recorded 17 species of Cyclops ivoixi Tanganyika, 
Mr. Pask’s collection contains only six, of which three appear to 
be new. 

Mesocyclops tenellus Sars. 

This minute species is not uncommon in Mr. Pask’a samples. 
It has a very striking resemblance to the genus Oithona with its 
slender appendages and very prominent maxillipedes. It is not 
only the smallest Cyclops known, but seems to be the most com- 
pletely adapted to a limnetic life. 

Sars describes the 1st antenna as of 12 joints, but I have been 
unable to detect more than in any specimen. Joints 3 and 4, 
and 5 and 6, shown separately in Sars’s figure, are fused in my 
specimens. 

Eucyclops iiAuispiNiJS Hars. 

This is the commonest species in Mr. Pask’s collections, though 
Sars saw only a single specimen. On the other hand, wliereas he 
found seven species of Eucyclopa^ I have seen only this one 
species. 

MiCROCYCLOPS AITENUATUS Sars. 

One female only seen, 

MiCROCYCLOPS TANGANICiE, Sp, 11 . (Text-fig. 1.) 

Femde. Length *61 mm. 

(General form as in C, aitenuatm, but slightly less slender. 
Last somite of thorax produced on either side and bearing a seta. 
Genital somixie slender. Furcal rami longer than last two somites 
and about four times as long as broad. Dorsal and lateral setae 
rather long and slender. Outer seta about two- thirds as long as 
innermost seta. Relative lengths of setie — 15 ; 57 : 98 : 21. 

First antenna of ten joints*, not reaching to end of thorax. 
♦Spines on exopods of legs 3, 4, 4, 3. All legs witli rami two- 
jointed. Leg 1 has a seta on the basipod. 

Legs 3 and 4 have a comb of short stiff setRj on the inner angle 
of the basipod. In these legs the second joint of the endopod is 
broad, the width about two-thirds the length. In each leg there 
is im outer seta, but in legs 2 and 3 there are five inner and 
terminal setae and one stout spine, while in leg 4 there ai^e three 
.setae and two spines, of which the outer one is less than half the 

* Sometimes of 11 joints. 


22 * 
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inner* The two distal setie of leg 4 are much longer than the 
inner spine. Leg 5 is a small one-jointed rod with a long seta 


Text-figure 1. 



Mierocyclapi tanffoniee, »p. n. 

a. Female, domal view, i, Furcal rami. c. Leg 8, 2ud joiat of eadopod. 
d. Leg Snd joiat of eadopod. #. Leg 6. 


and a vaiy small delicats spine near the base on the inner side. 
Beceptaculum not distinctly visilde. 
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Microcyclops gemellus, sp. n. (Text-fig. 2.) 

Resembles the preceding species in iiesrly all respects, but 
differs in the following points: — 

1. It is somewhat larger, the length being '78- ‘8 mm. 

2. In legs 3 and 4 the second joint of the einlopod is strikingly 
narrower, the width being about half the length. Also in leg 4 


Text-figure 2. 



Microcifelo^$ gm$llu$i sp. n. 

a. Genital somite, showing roceptaculum and leg 6. 6. 1st antenna, 
c. Leg 8, d. Leg 4, 2nd joint of endopod. 


the two distal setSB are much shorter than the terminal spine. 
The basipod has an inner fringe of stiff’ hairs which form a con- 
spicuous comb. They are not quite so strong in M* tanganim. 

3. In leg 5 the inner spine is a little longer and stronger, 

^ 4. The dorsal seta of the furca is not quite so long. The 
receptaculum appears to have the form shown in fig. 2 u* 
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These two species and M. attmiuatus are so much alike that it 
has been a matter of great difficulty to decide whether to treat 
them as one variable species or as three. It seems on the whole 
best to regard them for the present as distinct. M. attmmatus 
differs from M. gernellt^ only in being slightly more slender, with 
rather more slender furcal rami, and in having no inner spine on 
leg 5. The endopod of leg 4 is also rather more slender, and the 
comb on the basipod less developed. 

The two species here described are easily distinguishable by 
examination of the endopod of leg 4. Sars found five species 
related to M, varicans in Tanganyika. It may be that all are 
derivatives, under the peculiar species- forming influence of the 
lake, of 3f. varicans, which is common in Lake Victoria. 


Platycyclops oligarthrus Sars. 

I have seen three specimens of this species which agree well 
with Sars’s description, though difiering slightly in the rather 
shorter furcal rami and in the structure of their setie. The 
second seta is not blunt-ended as shown by Sars, and the inner 
(4th) seta is slender and not spiniform. The sixth leg of the 
male is unusually well developed (text-fig. 3 /*). 


Paracyclops coperes, sp. n. (Text-fig. 3.) 

Female, Length *6 mm. 

Body rather flattened, thorax narrowed in front. Furcal rami 
short and thick, little more than twice as long as broad. Lateral 
seta small, inserted on dorsal surface. In front of it is a short 
transverse row of small spines. Outer seta spiniform, about the 
same length as the inner seta. Second seta only one-third the 
length of the third, or longest, seta. 

First antenna short, six-jointed, with numerous coarsely hairy 
setae. Legs with rami three-jointed. The outer spines of the 
exopods have broad, fringed, hyaline membranes. Fifth legs 
obsolete, represented only by two strong spines springing from 
the outer angle of the fiftli thoracic somite, and a small seta 
between them. Receptaculum apparently as indicated in 
fig. 3(^. 

The species is particularly characterised by the great reduction 
of the fifth legs and the broad hyaline margins of the spines. 
Such a form of spine is commonly found in Cyclopoida (e.g. 
Euryte), but is very rare in Gyclopa, It is curious that so rare a 
character should be found also in another species from Tanganyika 
— C. etiamnihus Sai s. 

A single female only was found in bottle 61 IF*— a plankton 
sample taken from a boat. 
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Text- figure 3. 



a. Fttmftle, dorsal viaw. h, 1st antenna. Some of the seta) on joint 1 omitted. 
c* Leg 4 from behind, d. Genital somite iitid leg 6. e, Furcal rami. 
/. FUtjfe^olopM oligarthrui (Sars). Genital somite of male, side view, 
showing legs $ and 6* 
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Text-figure 4. 



Frw-ftwimming female of *8 mm., showing well-developed 2nd nhdomiiial somite. 


Eegasilxd^b. 

Eeqasiloides Bars. 

Prof. Bars found in Mr. Cunnington’s plankton samples a few 
specimens of the free-swimming stages of parasitic Copepods for 
which he established this genus. It differs mainly from Mrga^Hua 
in having two somites in the abdomen of the female and three in 
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the male. In some of Mr, Pask's collections Ergasilids are 
numerous, and can be referred with cei-taiiity to Sars’s two species 
E, megacheir and E, macrodactylua ; but in all cases an additional 
abdominal somite is clearly visible in both sexes. This somite is, 
it is true, very small and not marked by a transverse line, but 
there is no doubt of its presence. In one specimen which is 
strikingly larger than the rest ( 83 mm.) this somite is fully 
developed (text-fig. 4). This specimen does not seem distin- 
guishable, except in size, from E. macrodactyltcs, A further 
dillerence from Sars’s description is that the 1st antenna is 
always six-jointed, whereas he describes it as of five joints in 
E. vmcroilactyhia. It must be remembered that these are free- 
swimming stages and therefore not fully mature, and it is possible 
that the diflereuces between my specimens and those of »Sars 
may besim]»Iy a matter of age. The single large female referred 
to may be* a further and final stage in the development of 
E. nmci*odactylus. Tiie ditierence with regard to the abdominal 
somites does not invalidate the genus, since in true Ergasilus 
there are four in the female and five in the male. 

8ars’s third species, E, bretnmamis, appears to be a still younger 
stage of E, megacheir, 1 have seen specimens agreeing with his 
description, but in all cases they were obviously immature. The 
conclusion that this is an immature form is borne out by the 
reduction of the joints of the exopodites of the legs and also by 
the form of the furcal sette, since it is characteristic of the 
Ergasilida? that the long seta? of the furca should be forked in 
early stages. Sars’s figure of the abdomen does not show the 
characteristic genital opening of the mature, or nearly mature, 
female. 


HARPACTICOIDA. 

Diosaccid-e. 

ScnizoPERA Sars, 

The genus Schizopera, founded by Sars in 1905 for a species 
taken in the Chatham lslan<ls (E, longicaiida)^ differs so little 
from Amphiascus that Prof. Bars himself was later inclined to 
abandon it. The discovery, however, of eight new species in 
material from Tanganyika (1909) led him to revive the genus. 
Close as it is to Amphiascm^ the genus is certainly distinct and 
has a remarkable distribution. lojigicatida has been found to 
occur in the Baltic region at Oldesloe, the mouth of the We&er, 
and at Gnefswnld, while Sars also found it in material from the 
Birket el Kurun in Egypt. It is also recorded from Lake Elton 
in 8. Russia. S* jugurtha Blanch. & Rich, is recorded from 
Algeria, Turkestan, and New Guinea, while another species, 
S. compoie^ De Lint, occurs in the Zuider Zee. With these 
exceptions the genus is confined tq Tanganyika, and it is rather 
remarisable that it has not been found in the Caspian Sea. It 
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contains species of enormously wide distribution, and is ciiarac- 
teristic of inland waters of moderate salinity. Tliough it is a 
genus of marine type, its presence in Tanganyika is no evidence 
for a marine connection for the lake. 

ScHizoPERA coNSiMiLxs Sars. (Text-fig. 5.) 

Not uncommon in Mr. Pask's collections. 

The male, which was not seen by Prof, Sars, differs from the 
female in the construction of legs 1, 2, and 6, Leg 1 is the same 
as in the female, with the exception that there is a large spine on 
the coxopod. Leg 2 has the endopod modified. It is two* 
jointed, the first joint without a seta and the second with two 
outer setae, one small terminal seta, and a strong inner spine. A 

Text-figure 5. 



Schizopera oonsimilii Sara. Male. 
a. Leg 2, endopod. h. ]>g 3, exopod. c. Leg 5. 


slender seta springs from the same point as the inner spine and 
is closely apposed to it. Leg 3 was to some extent modified in 
the specimen examined, the third joint of the exopod having a 
short stout inner spine. 

Leg 5 has two setae on the inner process of the basal joint. 
The second joint is as wide as long and has five set®. The leg 
formula of the female is as follows * : — 


Exopod. Endopod. 

Leg 2 0~l-^0, 1,3 0—1— 1,2, 1 

l*eg4 0—1— 0,1, 3 0—1— 0,2, 1 


• For the use of such formula see Gurney Vm, Ttanf . Zool. Soc, xxii* p. 602. 
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SCHIZOPERA INOPINATA Bars. 

The shape of the second joint of leg 5 is a little more elongated 
than in Sars’s figures, and the relative length of the setsB not quite 
the same* Also the abdomen, and particularly the last somite 
and f ureal rami, is covered with very minute hairs. These hairs 
are only visible with difficulty. 

A few skins and an incomplete specimen in one sample. 

Bchizopera ROTUNDiPES, sp. n. (Text-fig. 6.) 

Female, Length *47 mm. 


Text-figure 6. 



Somites 3 and 4 of abdomen with fine hairs on ventral surface 
and with a posterior ring of hairs. 

Furoal rami long and narrow, the length about twice the 
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greatest width. Outer terminal seta about one-third the length 
of the median seta, which is about live times as long as the furcal 
ram ns. 

First antenna of seven joints; lengths of joints as follows: — 

1 2-3 4 5 6 7 

14 8*5 *’ iT"" 6 't$ i 15* 

-Esthete of joint 4 not reaching to end of antenna. 

Leg 1 with endopod two-jointed, the first joint longer than the 
eXopod. Second joint very short, about one-sixth of joint 1. 

Legs 3 and 4 with the same formula : — 

Exopod. Endopod. 

0—1—0, 1, 3 1—1—1, 2, 1 

Leg 5 : basal joint with four strong spines, of which the second is 
the longest. Distal joint nearly round, but width rather greater 
than length. The six setre relatively short. 

This species very- closely resembles ungulata 8ars, but differs 
from it in the form of the furcal rami and particularly in that 
of leg 5. 

In addition to these three species a fourth, which apparently 
represents a distinct and rather striking species, is present in one 
of the samples, but is very rare, and only empty skins were found. 
These specimens seem to be not fully mature, since the second 
joint of leg 5 is not distinct and the receptaculum seminis is not 
traceable. On the other hfu»d, the swimming-legs are fully 
formed, and are remarkable for the presence, in the fourth pair, 
of a large bulbous swelling at the base of the two terminal set«e 
of the endopod. 


VlGUlBRELLIP^. 

ViGUiERELLA PALUPOSA (Mrazek). (Text-figs. 7 & 8.) 

Two specimens of this remarkable species were found in one of 
Mr. Task's tubes, one male and one female. These two specimens 
agree in all respects with Mrazek’s description with the following 
exceptions : — 

1. The shape of the fifth legs in both sexes is not quite the 
same, though the general agreement is very close. 

2. The first joint of the first antenna in the female has a 
feathered seta as in F. cma Maupas. 

3. While the mandible palp and the first maxilla agree exactly 
with Mmzek's figures, there appears to be considerable disagree- 
ment in the structure of the second maxilla and maxillipede. 
Unfortunately these can only be seen in the male, and not 
sufficiently well to allow of a very positive statement. The 
maxillipede appears as a very small appendage lying transversely 
and directed outwards, consisting of three joints, the third very 
small and bearing stout feathered setss. 

Apart from this difference, which, if it could be verified^ would 
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ViguiertUa paludoMt (Minz^). 
mtna vt«w. The 4th hiddm benwth the 8rd pair. 

Endopod of leg 8 omitted on right aide. 
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amount to an important distinction, I do not consider it possible 
to separate the Tangan^^ika form from Mraz4k^s species. 

The history and distribution of the genus have been well sum- 
marised by Chappuis (1916). It consists now of four species — 
V. cffca Maupas, V. paludosa Mrazek, T. fodinata Ziegelmeyer, 


Text“fij?ure 8. 



Vtguierella paludosa (Mraisi^k). 

a, Furcal rami, female. I, Ut aiitcnna, male. c. Leg 4, female, d. Mandible 
palp. e. Leg 6, male. /. Leg 5, female. 


and V. chappuisi Delachaux. V. paludosa was originally taken in 
damp moss in Bohemia, and has since been found by BorutzW 
in Bussia (Kossino) and by Ohappuis in North America. It 
should, however^ be pointed out that BoruUky's figure of the 
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fifth leg of the male difiers a good deal from tliat of Mrazek, and 
agrees closely with that of V, chappuisL 

As regards systematic position, all authors have followed 
Mrazek in placing the genus in the family Longipediidm, but 
without, so far as can be seen, any reason other than the great 
reduction of the maxillipede. The Longipediidse in Miazek’s 
sense would correspond to the whole of Sars’s Achirota. Now, the 
subdivision of the Harpacticoida into Achirota and Chirognatha 
is a matter of convenience, but can hardly be accepted as a 
satisfactory tlivision on phylogenetic grounds. The Achirota are 
nn assemblage of families probably by no means closely related, 
and the MisophriidaD should certainly not he included. The 
main character which they have in common is the non-prehensile 
maxillipede; but this is not, in itself, distinctive. Among the 
Chirognatha, for instance, Stenhelia palustris has a reduced and 
non-prehensile maxillipede, while other species of tlie genus have 
a normal prehensile appendage. In Ceyloniella {Ceylonia Scott), 
again, this appendage is reduced to a form very closely resembling 
that of S, palustris and not unlike that of F. paludosa as figured 
by Mrazek. Another example is Pseiulomesochra parvula Gurney 
(1927), in which the maxillipede is much reduced and can hardly 
be de8cril)ed as prehensile. The structure of the maxillipede 
cannot then be regarded as evidence of the relationship of 
Viguierella to the Longipedildie or any other Acliirote family. 
From the Longipediidie it differs very greatly in the structure of 
lK)th pairs of antennae and the mandible, while it also differs 
from the Ectinosomiilse (to which it has otherwise a resemblance 
in general form) in the structure of the five pairs of legs. 

The genus should, in my opinion, be included in the section 
Chirognatha, but it is impossible to refer it to any existing 
family. There is some resemblance to CeylonieUa^ but it seems 
best to e.stablish a new family (Yiguierellida?) for its reception, 
and to place it in the neighbourhood of the Ceyloniidae and 
Cylindropsyllidce, The family might be thus defined 


V I G u I E 11 E L L 1 1> -E, fam. n. 

Harpacticoida of slender form, without distinction between 
thorax and abdomen ; fii^t leg-bearing somite separated from 
head ; rostrum large and broad, Second antenna with outer branch 
one-jointed; mandible palp two-branched ; maxillipede reduced 
and non-prehensile. Fii*st three pairs of leg.s with both branches 
three-jointed, fourth pair much smaller and with endopod two- 
jointed Fifth legs with second joint fused with first. Male 
with first antenna relatively little modified and third pair of 
fiwimmio jr-legs quite unmodified. The second pair may be modified 
or not. Eggs laid free and not carried in egg-sacs. 
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17. The Mallophaga o£ Sand-G rouse. 

By Jamks WATEKsroN, B.D., D.Sc., F.Z.S. 

(Offered for publication by permission of the Trustees of the British Museum.) 

[Received April 12, 1928 : Read May 1, 1928.] 

(Text-figures 1-10.) 

Up to the present little has been recorded regarding the insect 
parasites of the order Mallophaga occurring upon Sand-Grouse 
(Pteroclidce), In 1870 Rudow described a Piiilopterid species, 
Nirmus alchatm^ from Pterocles alchataiOitiA more recently Bedford 
(1920) brought forwanl a new Menoponid, genus and species, 
having as its host a South African member of this peculiar family 
of birds. But though the two main divisions of’ the Mallophaga 
were thus represented amongst the parasites of Sand-Grouse, 
further investigation seemed desirable, and, accordingly, about 
two years ago I examined a large pi*oportion of the collection 
of Sand-Grouse skins iti the British Museum, and have embodied 
the results in the present paper. 

The method of examination may be briefly described. The 
skins were gently ruflled by hand above a sheet of paper until 
the whole body had been gone over. The stroke — an upward 
one, delivered by the tips of the Augers only — should be short 
an<l light, and passing from the tail to the head of the bird. 
Next, holding the skin back upwards, the wings are separately 
slightly extended, and a series of tap.s given mainly above the 
secondaries. The tips of prima ries and .secondarie.s shouM, during 
this opemtion, be kept deflected to prevent the parasites falling 
outside the sheet. In this way, by repeated tapping, insects 
deeply embedded in the plumage may be gradually dislodged. 
As the result of the treatment Just described, some 50 skins 
yielded an average of rather over two Mallophaga. This may 
seem a low figure when one remembers that in life practically 
all birds are more or less heavily pamsitised. But it should be 
noted that many of the skins searched were over forty years 
old ; that a large proportion had been repeatedly handled and 
cleane<i ; and that in some instances the skins had been made 
down, though originally mounted. Nevertheless, the parasites 
could still be found, though sometimes with broken appendages. 
As an extreme instance one might cite an example of Syrrhaptea 
paradootyuB^ acquired by the Museum in 1842, which yielded 
after 85 years, five examples of the parasite peculiar to this host. 

The prepamtion of Mallophaga collecte<i in the manner Just 
described is a simple one. The specimens, dropped into a test-tube 
partly filled witti a 10-per-cent, solution of KOH, are placed in a 
bath on an electric heater. In about ten minutes they sink to the 
pROC. ZooL. Soc,— -1928, No. XXII L 23 
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bottom of the tube, whose contents are then poiireH into a watch- 
glass, and the caustic pipetted off. Next, cover with acetic acid 
(80 per cent.). The crop can then be drawn out by a slit made 
transversely in the region of the second sternite, and its contents, 
with those of the abdomen, evacuated by manipulating with two 
fine, blunted needles. Stain at this point with a drop of ZiehPs 
carbol Fuchsin, and wash out if necessary in fresh acid, trans- 
ferring thereafter to a mixture of equal parts glacial acetic 
acid and clove oil, and mount finally from pure clove oil. The 
staining should be light, leaving only sufficient colour to show 
up the membranous areas and thinner chitinisations. Over- 
staining can be corrected by soaking tiie preparation in tap- water. 
The crop (c? S)and the male genitalia (ventml side up) should 
be mounted separately. Their dissection is most easily effected 
while the specimens are in the acetic-clove-oil stage. 

Students of the Mallophaga are well aware of many instances of 
the occurrence, on a series of allied birds, of a parallel series of 
extremely similar parasites differing inter se mainly in apparently 
trivial details of dimensions. Degeeriella furra (various Waders), 
Fhihpterus lari (Larid?e),and Philopterna szc^j/latmcens (Passerines) 
sufficiently indicate the tyj>e of series under discussion. Such 
names may, on careful analysis, prove to cover many species, 
or one species or a series of subspecies. Further, when the 
presence of several entomological species can be established and 
their respective host species are accumtely worked out, it has 
been found in many cases that these ^jeparate groups of host 
species are recognized as ornithological genera. An additional 
interevst in the present investigation has been its possible bearing 
on the systematics of the hosts themselves. 

The material collected comprised a Menoponid (one species) 
and several species of the Philopterid genus described below. 

The full list of hosts and parasites is as follows (hosts 
arranged alphabetically within each genus; * = straggler): — 

Genus Syrrhaptes Gould. 

^ paradoxm Pall. 

SyrrhaptcBcm hedfordu 
^ tihetamis Gould. 

SyrrhaptcRcus iihetanm. / 

Genus Pxerocles Temm. 
dlchata Linn, and var. candacutvA Gmel. 

Neomenopon pteroclurus* 

SyrrhaptosciLS alchatm, 

Tiamaqum Gm, 

Neommopon pteroclurm. 

SyrrhaptcBcm brevifron$, 
l^rrhaptoBcua digonm. 



MALLOPllAGA OP SAND<GROUBK. 


335 


semgalensis Liclit. and var* orientalis Hasseltj. 

SyrrhaptvRcus falcatu8» 

^ senegalhia Linn. 

^yrrhapt(£cu8 sp. “ 7tiiiratu8 ” section . 

* Syrrhapt(J8cu8 falcatiia. 

Genus Eremialectoii W. Selater. 
hlcinctus Tennn. 

Syrrhaptcrc ua decliv is, 
hnrchdli W. Selater. 

None found. 
coronatua Licht. 

Syri'hapiitciLS l>revif rons. 

Syrrhaptceciia mitratus, 

decoratua Cab. 

S yrrhapUficm sp. 

gutiuralia Smith and var. saturaiior Hart. 

S yrrh apta cus uncimaua, 

, indicua (^mel. 

Syt'rhapUec ua^cmgidatus. / 

* SyrrfuLptoecua cdchatcH, 

lichie^isteini Tetnm. 

None found. 
orientalis Linn. 

Syrrhaptmeua pallasi. < 
peraonatua Gould. 

t^yrrhaptvecua obtuatis 
qimdricinctua Temm, var. lowei C. Grant. 

Syndiaptmcm hrevifrona. 

iSip'rhaptcccua excistis. 

In the British Museum ‘Hand-List of Birds/ vol. i. pp. 50-51 
{1899), there are enumerated 17 species of PterocliduB distributed 
in three genera. As however, one of these species (Pteroclea 
pyrenaicua Seebohm) is now regarded as a race of P. akhatus, 
we may take the accepted number of living Sand-Grouse ms 
sixteen. There are, of course, several subspecies or races which 
would have to be included in a complete systematic catalogue of the 
group, but host subspecies are for our present purpose irrelevant. 
In this paper parasites of fourteen of the above host species are 
dealt with, but on two species, ErtmiaUctor burchaUi W. Selater 
and EramiaUctor lickUnHeini Temm*, nothing was found. In the 

23 * 
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case of two of the remaining host sjiecies the evidence obtained 
is unsatisfactory, since on Eremialeetor decoratus Cab. only 
a female Syrrhaptmcus was taken, while of the two species foiunl 
on Pterocles senegallus Linn., one was evidently a straggler while 
the other was represented by a male too damaged for exact deter- 
mination. Making these allowances, however, we are left with 
material from three-fourths of the known hosts on which to base 
any general conclusions reached. We may ask the following 
questions:— (1) Do the parasites of Sand-Grouse throw any 
light on the phylogeny of their hosts as a whole? (2) Do they 
give us any clues as to the natural divisions within this group 
of hosts or the inter-relation of the host species ? 

1. On the first point the evidence is fairly definite. Tliougli 
Syrrhaptcecus is, so far as we know, confined to the Ptcroclidie, 
it has very obvious affinities with LagopcecuSy of which species 
are found on the genera Lagopm^ Lyi*uru8^ Tetrao^ and Lopho- 
phorns. The genus LayopcecuSt however, seems to be more 
primitive, e, g. in no species is the male furnished with an appendix 
on the third joint; the male genitalia are simpler, lacking the lower 
plate and its elaborate folds ; the pleurites have no coniplicnted 
head ; the post-spiracular bristle is present up to the seventh 
tergite (in Syrrhaptcpcus up to the fifth), ^part from thest" 
differences, Sy^'rhaptmms and Lagopiecus agree closely in facies 
and structure, and both are related to Lipeitrus (s. str,), which is 
specially characteristic of gallinaceous birds. 

Syrrluiptceeus has not, in my opinion, any close affinities witli 
any of the Philopterida* found on .Pigeons (Oolumbidie), though 
the latter family also, judged by its parasites, is related only to 
the galline group. Sand-Grouse and Pigeons must stand rather 
apart within this complex, and the position of the first-named 
would appear to be between the Grouse and the Pheasants. 

2. The high degree of specialisation reached wdthin the genus 
Syrriiaptoecus permits only one general deduction, viz., that the 
host species must, as species, be of considerable antiquity. One 
would naturally infer also that P. alchata and S. tihetamis are 
somewhat isolated birds. 

The Syrrhapto&cus spp. found on the genera Syrrhaptes and 
Pterocles are more highly difterentiated, while the majority of 
those on Eremialeetor are closely similar, and, judging by analogy, 
one would expect to find a like relation holding of their hosts, 
i, e. that Eremialeetor is the most compact genus of the three. 
In the genus La^gopeecus the species, so far as is known, correspond 
to host genera. If the same i*elation held between the Ftero- 
cUda and their parasites, we should require about ten genera 
for the distribution of the hosts. Genera, however, ai*e so much 
a matter of convenience that it would perhaps be unwise to stress 
this suggestion. At the same time it is worth noting that 
Austin Roberts [Annals of Transvaal Museum, viii. pp, 195-6 
(1922) and b. pp* 95, 123-4 (1924)] has drawn attention to 
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<'haracter8 by winch the preaeiitly-adinitted genera of the Ptero- 
clida* inny be further subdivided 

SYKiitrAPTGSCUs, geii. n. 

Small Philopterida^ (males 1*5-2 mm., females 2-2*5 mm.) 
with a Lipeuroid facies, found solely on various Sand-Grouse 
(Pteroclidie), showing the following combination of characters: — 

5 . llea.d circumfasciato ; parabolic to sub-ogival in front of 
the anteiuue ; fore, and hind head suhequal in length ; temples 
gently swollen behind tlie eyes and slightly convergent posteriorly ; 
occiput varying from nearly straiglit to gently concave or sub- 
sinuate ; oral fossa triangular Avith rounded angles ; trabeculsB 
shorter and movable; neither signature nor defined clypeal 
suture present. 

ChcHtotaxy of Head . — Clypeal hairs (lateral) 4, 4 with 3, 3 
(ventral) between the sides of the oral fossa anteriorly and the 
inner edge of the marginal band ; the usual lateral (2, 2) and 
trabecular (1,1) bristles present. One long hair at eye, one at 
middle of temple, and another before the postero-lateral angle ; 
minute spinose bristles occur singly at j^ostero-lateral angle and 
l>etween the long temporal hairs. On upper surface the usual 
median pair of short fine bristles on clypeus and a second pair 
(1,1) at tlie anterior ends of the ocular bands. Hind head and 
occiput otherwise hare. 

Thorax, — Pronotmn transverse; one postero-lateral bristle 
somewhat remote from the angle. Mesometanotum ; Mesonwixim 
short, pa rail el -sided. Metanotum broadly angled over abdomen, 
with sides divergent, the pleurites stout and extending beyond 
the tergite postero laterally. Chcetotaxy : five bristles normally 
on each side along the posterior edge at the sides, the two outer 
bristles finer, the other's in clear pustuloi* bases. 

Abdomen, — T. I. (=:T. l.-f T. II. fused) with divergent sides 
and posteriorly concave, Pleurites sti-ongly thickened, with large 
re-enti*ant “ heads.” From the inner (posterior) end of the head 
a ventnil chitinous strut always connects up with the marginal 
thickening. The corresponding dorsal strut present or absent. 
Thus from above the “head” of the pleurite is more or less 
distinctly perfonvte. (Text-figs. 9, 10.) 

Tergites (I.-VIII.) medianly and longitudinally divided, secon- 
dary (e, g. intersegmental) chitinisations slight, a chitinous ridge 
between the post-spiracular hair and margin. Posterior edge 
of valve varying in outline from transverse to parabolic, with 
a single row of minute marginal bristles and a second row (in 
most species) developed adbasally, i. e. laterally. Chatotaxy (see 
below, p. 352). 

Legs , — Fore tibia longer than, mid tibia subequal to, hind tibia 
shorter than, their respective femora. 

d . Similar to the female, but with a narrower bead and 

• <y, slio Bow«n, Amer. Mtu. NoviU No. 973, pp. 1-98, 1987. 
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shor^-or body. Genitalia : basal plate from one and a half to two 
and a half times as long as the mesosome and widest distally 
(posteriorly). Paramers simple, knife or sickle-shaped, fitting 
closely to the sides of the mesosome when at rest, and generally 
with a thickened basal- collar. Mesosome much flattened, con- 
sisting of two thin chitinous plates, the upper always longer. 
From the lower (i, e. from the ventral asj^ect) projects the line 
tubular intromittent oi*gan. 

JS^ote, The upper plate represents the fused endomei s, and the 
lower equals apparently the sac and teloniers. Only in one species 
{alchatce) does any part of the sac remain membranous. 

Abdominal Chcetotaxy ( cT , $ ). — A complete examination of the 
specimens collected shows that all the elements of the cbastotaxy 
(save some of tlie minutest bristles on the head and genital 
plate, 5 ) are perfectly definite in number and disposition. 
Further, the sexes differ only in minor details of the terminal 
segments. The arrangement of the bristles, hairs, etc., appears 
in the main to be a generic character, but in some of the species 
extra elements are present in the rows. The liormal chsetotiixy 
is given under the description of /S', mtrmosus, sp. n., divergences 
being noted under the species resf)ectively concerned. 

Systematic Notes. 

Throughout the Philopteridm generally, the most useful specific 
characters are to be found in the male genitalia. So far as 
possible, therefore, males have been selected as types in the 
following descriptions. Though the male characters appear to be 
very precise, it is essential that identification should be attempted 
only from the dissected apparatus. In whole mounts the char- 
acters of the mesosome may be either distorted, obscured, or 
foreshortened. Only in the mitratns ” section can any diffi- 
culty be felt in determining male Syrrhapta'c^iis, 

The separation of the females is, however, an extremely 
critical matter in the species wdth a narrower head, i, e., where 
the C. I. drops below *80, Valuable characters in the head 
( 5 ) are (1) the general shape and (2) the absolute wddth. 
Most useful, too, is the ratio between the breadth and length 
— the head index just referred to. The normal range of specific 
variation of this ratio in Sip'rhapimcua is from *01 to *03, though 
occasionally it may reach *05, 

The C. I. may be very expeditiously ascertained by the use 
of a slide-rule. If at the same time the inner tube of the 
microscope is adjusted so that with the low power lOOasl mm. 
the gross measurements can be read off at once, while by noting, 
under the high power, the number =*•! mm., the measurements 
of the more minute details may again be read from the slide- 
rule. No arguments, fortunately, are required to prove the 
importance of such detailed measurement in descriptions of 
Mallophoga; but to carry this, as has lately been done, to four 
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OP five decimal places of a millimetre seems fantastic. In my 
opinion, no figure beyond the second decimal has critical signifi- 
cance. In the ovigerous female the dimensions of the abdomen 
are markedly affected. 

In the descriptions of the new species now made the following 
contractions are employed : — 

C.I. Head index (Ineadth : length). 

1. Total length, b. Greatest breadth of abdomen 
on the 4th (5th) segment), h. t. Breadth of thorax. 

b, h. Breadth of head. 1. h. Length of liead. 

G. A. Genital apparatus ( cJ ) (sedeagus), length measured 
when dissected, b. p. Basal plate (length). 

P. Paraiiier (length), p. Pararaer (length : breadth). 

Pen. 1. Length of tubular intromittent organ, m. Mesosome 
(length). 1'. Tergite. PI. Pleurite. S. Sternite. 

Letters A, B, C, D, etc., individuals measured. 

Tiie measurements are in millimetres, except in the case of the 
C. I. and p, which are 7*atio8; in the former reduced, the denomi- 
nator being I. 

In the al)donien Tergites 1. and IJ . are fused and the corre- 
sponding sternite is S. ll. 


SVRUUAPTCECIJS BREVIFRONS, S[). 11. (Text-figS. 1 5, 7.) 

L02; 1., 1*45; b., *55; b. t., *35; b. h., *42; 
l.h., -41; CL A., -30; b. p., -22 ; p., -8 ; P., 7 : 1 ; pen. 1., -046; 
mesosome, *12. 

I., L07 ; 1., 2-04 ; b., *70 : b. t., *50 ; b. h., *52 ; 

1. h.,-48. 

In crop more than one row of Lmthed plates (more primitive) 
(text-fig. 7 6). 

Valve transverse, 6-7 : 6-7. 

Chsctotnxy (abd.). Female. 


T. PI. S. 

1 . ... 1, 1 0 — 

II 3-4, 3-4 0 1, 1 

III 1, 4-6, 4-5, 1 U 2,2 

IV 1,4, 4,1 1 2-8, 2-3 

V 1,4, 4,1 1 ^ 2-3, 2-3 

VI 1,4, 4,1 2 2-3, 2-3 

Til 0,8, 8,0 2 2,2 

VIII 0,3, 3,0 4 1,1 

IX 0 2^2 — 



340 


DU. JAMi:S WATEttSTOX OX THE 


Text-figure 1. 



Male genitalia of (a) Syrrhaptcecus aJehata Rud. (b) Syrrhcpicecus 
hrwifrom Watmt. 


EremiaUctor coronaius Licbt. Eolotype, Muscat 

(Mills ColK). 

„ „ quadricinctus Temm, $ , Allotype, Sudan, 

Kordofan, £1 Obeid, 26. viii. 1909 
(W. G. B. Halked Coll.). 

„ Pteroeles nawagutis Gniel. d . 3 S , Bustenburg Dint., 
Transvaal, 3.ix, 1917 (Bedford Coll.), 
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This is the most easily recognized member of the genus, being 
at once separable, even without mounting, by the broad roumled 
head (text-fig, 7 a). In consequence of the shortening of the 


Text-figure 2. 



Male genitalia of (a) 8}/rrhapt<feM9 faleatua Waterst. (b) Sj/rrhapiteeua 
hedfordi Waterat, 


forehead, the oral groove has become transverse and somewhat 
atypical for the genus. The legs are also longer and more 
robust. In the abdomen the post^spiracular hair is present on 
T. VI., though not on T. VII. or T. VIII. 
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In the male genitalia the paramer (text-fig. 1 h) appears to be 
free only apicaliy, and the ventral plate of the mesosome is very 
peculiar. 

In tlie female the valve is transverse. 

The suggestion has been made to me that these differences, in 
conjuction with the apparently wider host range of this species, 
are of generic value. Perhaps the creation of a subgenus might 
be justified, but at present it seems more important to emphasise 
the essential unity of these Sand -Grouse Philopterids. 

It is not impossible that S, hrevifrons represent a common 
ancestral parasite of the group from which have come the various 
species with a moi‘e limited host attachment. 


ByRiiiiAPT(ECUS BEDFORDi, sp. n. (Text-figs, 2 6, 9 c.) 




Male, 



I 

Female, 




A. 

li. 

C. 

I). 

K. 


A. 

11. 

C. 

D. 

E. 

CM. .. 

. *84 

•80 

•80 

•81 

•81 

C.l. 

. .86 

•87 

•87 

‘86 

•86 

1. , . 

1*51 

l-o7 

IS 

168 

1-59 

1. . .. 

.. 214 

2*38 

2-05 

2. 

2-07 

b. ... 

*50 

•52 

•47 

•5 

•54 

b. .. . 

•61 

•66 

•56 

•48 

•69 

b.t. .. 

•31 

•32 

•31 

•31 

•32 

I b.t. ... 

•37 

•4*2 

•36 

•35 

•38 

b.h. 

•30 

•3b 

•37 

•37 

•36 

; b.h 

•44 

•47 

•43 

•43 

•43 

l.li. 


‘14 

•43 

•44 

•43 , 

l.h. . 

.. *51 

•53 

•49 

•50 

•60 

G. A. 

•39 


..... 

•43 

•45 







b.p. . 

. -29 

— 


'33 

•35 







P. ... 

•1 

— 

— 

•1 

•1 







p. . 

. 6:1 

— 

— 

0:1 

6:1 







pen. 1. 

. -004 
(bent) 

— 

— 

'087 

•007 








Ohaetotaxy normal. 
Valve 8-‘9, 3-4. 


Host, Syrrhaptes paradoocus Pall. 3 J , Holotype and Para- 
types, Tian Shan, Koyssara, 15. i. 1905 (A. Kutzenko Coll.), 
cf , 4 $ , AUotjrpe, N. Asia, 1842. S , England, Sussex, Lewes, 
20. i. 1889 (Brazenor Coll.). $ loose in box. 


Syrrhaptcecus tibetanus, sp. n. (Text-fig. 3 6.) 



Male, 



, 

Female, 




A. 

15. 

C, 

1 

A. 

B. 

C. 

D, 

CM 

•89 

•88 

•885 

i C.l 

•90 

•9 

•91 

•90 

1 

1*94 

1-92 

1- 

M 

2-4 

2‘31 

2-36 

2-47 

b 

•72 

•72 

•70 

b 

•80 

•86 

*72 

•84 

b. t 

•46 

•46 

•45 

b.t 

•48 

•61 

*46 

*60 

b. h 

•47 

•46 

•46 

1 b.h 

•53 

•64 

•62 

•63 

1. h 

•63 

•63 . 

•62 

1 l.h 

•68 

•60 

*67 

•66 

G.A 

*68 

•57 


i 





h.p 

•45 

•46 

.... 

1 

1 





P 

•13 

•13 


1 





P 

19:3 

19:3 

— 

1 

: 





pen, 1 

*066 

•066 

— 







Valve 10-12, 5. 
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Text-figure 3. 



Male genitalia of (a) Syrrhaptoecus diaonvs Waters!, (b) S^rrhaptveens 
tihetanun Waterst. 


Chaetotaxy (abd.). Female. 


T. PI. S. 

1 1. 1 0 — 

II 6, 0 0 6-6, 6-6 

m 1, 8 , 8 , 1 1 6-6, 0-6 

IV 1, 8, 8. 1 8 4, 4 

V 1. 8, 8, 1 8 4, 4 

VI 0,7-8, 7-8,0 8 4,4 

Vn 0,7, 7.0 8 1-2, 1-3 

VIIl 0, 6, 6, 0 8 2, 2 

IX 0 2/2 0 
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Host, Syrrhapies tibetanus Gould. 2 cJ , Ladak (Hume Coll.). 
$ , Karakorum, 16. vi. 1874. 2 (5^, Thibet, xi. 1877 (L. Maudelli, 
Hume Coll.). 3 6 Holotype, 4 $ Allotjrpe aud Faratjpes, 2 larvse, 
Thibet, Khambjong, x. 1903 (Capt. H. J. Walton Coll.). 2 6^ 
India, Kashgar (Dr. Bellew — Indian Museum). 6> $ loose in 
box. 


SYRRIIAnCECUS ALCHAT^ Biul. (Toxt-fig. 1 «.) 

Xirmm alchaUf^^ Hudow, Zeits. f. ges. Nat, xxxv. p. 472 (1870). 

-. 1 / oitfi* 



A. 

H. 

indicus. 

C. 

D. 

E. 

P. 

G. 

H. 

C.I 

•84 

•84 

*84 

•85 

*86 

•85 

*86 

•84 

1 

1-68 

1-67 

1-82 

1*74 

V71 

1*67 

1-63 

1-62 

h 

•49 

*48 

•68 

*57 

■54 

•46 

•51 

•60 

b.t 

•35 

•37 

•41 

•40 

•40 

•36 

•36 

•34 

b.h. ... 

•38 

-.•^8 

•41 

•40 

*40 

•37 

•39 

•38 

l.b 

•45 

*45 

•475 

•47 

•47 

'44 

•46 

•46 

G. A. . . 

•44 

•38 

•44 


— 

*39 

*40 

— 

b.p. 

•30 

•26 

•30 


— 

•26 

-26 

— 

P 

•14 

•13 

•14 

— 


•13 

•14 

— 

P 

7:1 

7:1 

7:1 


... 

7:1 

7:1 

— 

pen.l. . 

CO 

p 

'054 

•05 


— 


— 

— 



Female, 

A. 

B. 

C. I. . . , 

•90 

•90 

1 . . .. 

2*07 

2*14 

b 

•62 

•70 

b.t 

•44 

•46 

b. b 

•46 

•48 

l.h 

•51 

*53 


Valve 8, 8. 

Chaetotaxy (abd.). Female, 


T, PI. S. 

1 1, 1 0 — 

II 2, 2 0 1, 1 

III 1,3, 2,1 0 1,1 

IV 1,2, 2,1 1 1,1 

V 1,2, 2,1 1 1,1 

VI 0,2, 2,0 2 1,1 

VII 0,2, 2,0 2 2,2 

VIII 0,2, 2,0 4 1,1 

IX 0 2/2 — 


Host, Pterache alchata Linn, and var. caudamtua Gmel. 

3 d , 2 S , 2 larvae, Palestine^ Gasa, 20. viii. 1917 (Major A. 
G. L. Sladen Coll.). 

2 larv 80 , Bagdad (Loftus Coll.). 

3 $ , Mesopotamia, Bagdad, 28. ix. 1922 {V. S. La Personne~ 

Cox Oheesman Coll.)* 
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(S , Turkestan, Samarkand, 30. v. 1 908 (Dr. Carrutbers ColL). 
cT, India, Gurgaon Dist., l.ii. 1883 (W. N. Chill — Hume 
Coll.). 

loose in box. (S , Zool. Gdns., London, 

Also S (straggler) from Eremialector indicus Gmel., India, 
Gurgaon Dist., 2. iii. 1869 (Hume Coll.). 


Syrrhaptcecus digonus, sp. i». (Text-figs. 3 a, 10 c.) 



A. 

B. 

c. 

Male. 

I). 

E. 

F. 

G. 

H. 

Bedford. 

1. 

C.I 

•80 

•776 

77 

79 

*775 

77 

*78 

•78 

•80 

1 

17 

17 

1*67 

1-62 

1-66 

1-56 

17 

1*77 

175 

1) 

•46 

•4.3 

•a 

•43 

•4,3 

(iiiim.) 

*42 

•42 

*45 

•46 

b. t 

•34 

•32 

•31 

•32 

•31 

•31 

•31 

*34 

•32 

1). h 

•36 

•34 

■33 

*3.> 

•34 

•34 

•34 

•31. 

•34 

l.h 

•46 

•44 

•43 

•44 

•41. 

•44 

•41 

•44 

•43 

G.A. . 

•37 

•35 

— 

— 


— 

•34 

•36 

— 

b.p. 

•27 

•26 


-- 


— 

*25 

•27 

— 

P 

•95 

•93 

— 



— 

•9 

•9 


p. 

8:1 

71 



— 

— 

7i:l 

7:1 

— 

peii.l. , 

•044 

•()i.r> 

— 

— 

-- 

— 

•042 

•046 — 

Female.- 

-C.I., 

•775; 

1., 

2-1; 1). 

, *50 

; b. t. 

, *30 ; 

b. 

h., -41 ; 

h., ‘Oil. 

Chajtotaxy normal. 

Host, Pier odes namaqaus 

Gill. 







From the following localities (S. Africa): — 

5 (5 , Holotypeand Paratype» Little Namatiualand, Klipfoiitein, 
3100 feet, 12. v. 1903 (C. 1). Kudd Coll.). cT , 24. ii. 1902 ; 2 c( , 
Allotype, 15. V. 1902, Cape Colony, Deelf ontein (Col. A. T. 
Sloggett Coll.). d, 2 1 larvae, liustenburg Dist., Tran.svaal 
(Bedford Coll,). 


SYKRiiAPrascus falcatus, s]). n. (Text-figs. 2 «, 10 h.) 


Male, 

A. B, C. 1). E. F. O. H. 1. 

tcnerah senegallus, 

C.I *76 -77 *78 *76 *77 *78 *70 78 *80 

1 1*6 1*43 1*62 1*69 1*68 1*67 lol 1*68 1*62 

b *41 *40 *42 *41 *44 *45 *43 *40 *42 

b. t *31 *28 *32 *82 32 *33 *32 *32 *33 

b.b *32 *33 *34 *32 *33 *35 *32 *33 *33 

1. h *42 *43 *43 *42 *43 -44 *42 *42 *42 

G.A *34 — *86 *34 *34 *34 *34 *84 *33 

b.p *26 — *27 *26 *28 *26 *27 *26 *25 

P -08 — *086 *081 *082 *081 *08 *081 *8 

p 6:1 — 6:1 6:1 6:1 — — 

pen. I *036 — *089 *087 ‘QSl *036 *086 — — 

... *033 *083 *004 *080 *00 *003 *089 *080 *00 
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Text-figure 4. 



Male genitalia of (a) Syrrhaptceeus mitratus Waterst. (b) Syrrhaptoecus 
uncino$u8 Waterst* 


Female* 



A. 

B. 

C.I 

'77 

‘76 

1 

2-87 

2-14 

b 

*68 

•61 

b. t. .«* ••• ••• 

*48 

*86 

b. h 

•42 

*88 

1* 1l. .f. 

*54 

*60 


Ohsetotaxy normal. 

Host, PUroeUe emegaimeie Lioht. and var. mieniaUe Hasselq. 
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Text-figure 5. 



Male genitalia of (a) SyrrAajff^acit# jwKoti Watcrst. (b) Syrrhaptcecus 
dteUvis Watent. 


2 c?, India, Wadali, Ahmednugger, 16. xi. 1876 (Dr. S. B. 
Fairbank ColL). 6 , N, India, 10. x. 1886 (Warwick OolL). Also 
the following localities (Africa):— 2 d, 2 $, larva, Holotype, 
Allotype, and Faratypes, Sudan, Khartoum, Kerreri, 3. xii. 1909 
(A. L. Butler Coll.), 6 i Sudan, Shendi, 3.iii. 1901 (Rothschild 
& Wollaston Coll.). 2 cf , Lake Rudolf, 7. iv, 1900 (J. J. Harri- 
son OolL). Straggler from PUrocUa semgaUua Linn., cf, 
Sudan, 1^ Sea Province, Erkowit, 8,iv. 1914 (Chapman A Lynes 
OolL). 
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Syrrhaptcecds sp. 

Host, Pierodes senegallm Linn. 

cT, India, Mehur, 18. i. 1872 (Hume Ooll.). One of the 
group, and therefore probably a straggler on this 
host. In any case, too damaged for determination. 


SYRRHAPracaS DECLIVIS, 

sp. n. (Text-figs. 5 5, 9 e,) 



Male. 




Femaie, 




A. 

B. 


A. 

B. 

C. 

D. 

C. I 

•77 

•77 

C.I 

*76 

•76 

•74 

•70 

1 

1'9 

1-76 

1 

2*77 

2*29 

2*18 

2*28 

b 

'54 

'44 

b 

'72 

•54 

■53 

•52 

b.t 

*37 

•34 

b.t 

•48 

•40 

•38 

*48 

b.h 

•37 

•36 

b.h 

*43 

•41 

*39 

‘44 

I. h 

•48 

'46 

l.h 

*59 

•54 

*53 

*55 

G.A 

•40 

'.38 








'29 

•27 






P 

•11 

•11 






P 

6:1 

6:1 

1 





pon.l, . 

•063 

'064 

1 





aiesosome. ... 

•139 

*135 

i 






Abdominal clifietotaxy normal. 

Yalve 12, 12. 

Host, Eremiahcior hiclnctus Temm. 

2 cJ, 4 $, Holotype, Allotype, and Paratypes, S. Africa, 
Angola, Beijguella, Huxe, 30. viii. 1905 (Dr. J. \V. Ansorge 
Coll.). 


Syrruaptcjecus mitratus, sp. n. (Text-figs. 4a, 9 a.) 



A. 

Male. 

B. 

C. 

D. 

0.1 

•79 

•79 

•81 

*81 

1 

1*6 

1*67 

1*55 

1*69 

b 

•47 

*45 

*48 

*46 

b.t 

•32 

•32 

•82 

•31 

b.h 

•86 

•35 

*35 

•35 

I.b 

*44 

*44 

•48 

•43 

G.A 

*36 

*87 

Not disfootfid. 

•87 

b.p 

*24 

•26 

t» 

•28 

P 

*128 

*18 

n 

•128 

P- 

6:1 

6:1 

II 


pm. 1 

*072 

— 


•077 

metosome.. 

*14 

•14 

*14 

•14 




m 
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Host, Eremialector coronaiua Licht. 

Z (S ^ larva, Holotypa and Faratypes, Muscat (Mills OolL). 
From India the following : — d , $ , Allot3rpe, Kashgar 
(Dr. Bellew — Indian Museum). $, Sindh, Erie Hills, l.xii. 
1874 (Hume Coll.). 2 ,larva, Upper Sind, Shikaipur, 15. iii, 1875 
(W. T. Blanford Coll.). 



S^rrhaptoecu* hrevifrons W&tevht. Female, (a) head ; (6) crop teeth. 


Syrrhaptcecus sp. 

Female, — C. I., ’76; 1,, 2’07 ; b., *54; b. t., *38; b. h., *38; 
l.h., -50. 

Cfaa^totaxy normal. 

Host, Erennalector decoratus Cab. 

2, Africa, below Lake Lambo, N’Guaso Nyno, 7. iii. 1912 
{Col. Stephenson Clarke Coll.). 

This example is so close to S. digmus and S,falcatua that, in 
the absence of a male, its further determination cannot be 
attempted. It shares with the species referred to the narrow 
opening of the head of the pleurite. 


Syrrhaptcecus uncinosus, sp. n. (Text-figs. 4 6, 8<f, 10 a.) 

Mafc,— C.I., *80; 1., D7 ; b., -5; b.t., *84; b.h., *37; l.h., 
•46; G.A., *42; b.p., *31; P., *11; p.* 7:1; pen.!., -062; 
mesosome, *14. 


Outline of heatic (female) of Sytrhapt<»cu$ spp, (a) S, angulatM Waterst. 
<b) iSI. digonus Waterst. (c) 8, ohtu$u$ Waterst. (d) 8, uiioino$U9 Waterst. 


Female. 


A. B. 

CM '81 -79 

1 2*02 1-94 

b ‘64 -6 

b. t '40 *86 

b.h '48 *38 

I h '68 '48 


Valve'lO-ll, 6. 


24 * 
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wnsSi 


Text-figure 9. 


' c 


nBL 


wmtSs 


Details of Syrrhaptceeun spp. (female), (b) Crop teeth of 8, angulatui Waterst. 
a, c, d, e, pleuritefl of 4th (6th) segment, (a) 8. mitratu$ Waterst. (c) 
8, h$dfordi Waterst. (d) 8, angulatv$ Waterst. (e) 8, dtelivU Waterst. 
In (e) h, *head ” and f. ‘*tair* of pleurite. i*., the ridge between the post 
epiracalar bristle (p.fp.«.) and the lateral bristle (p.«.) ; spiracle. 

Normal chsBtotaxy (abd.). Female, 



T. 

PI, 

S. 

I 

... 1, 1 

0 

— 

n 

... 2 , 2 

0 

1,1 

Ill 

... 1,8, 3.1 

0 

1,1 

IV 

... 1, 3, 8, 1 

1 

1,1 

V 

... 1.8, 8,1 

1 

1,1 

VI 

... 0, 8, 8, 0 

2 

1,1 

VII 

0,8, 8,0 

2 

8,2(1. 1) 

VIII 

0, 8, 8, 0 

4 

1,1 

IX 

0 

2/2 

— 


Soft^ Mremialectar guttwalu Sm. and var. ae^umiiar Hart. 
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(S , Holotype, Africa, T. T. Simba, 1915 (A. Loveridge Coll.). 
2 5 , Allotype and Paratypes, 8. Abyssinia, Lake Zvvai, 
20. xii. 1904 (P. 0. Zaphiro — W. N. McMillan Coll.). 


Syrrhaptcecus angulatus, sp. n. (Text- figs. G a, 8 a, 9 6 & c?.) 



Male. 



Female. 



A. 

B. 


A. 

B. 

C. 1 

•7ii 

•75 

C.l. .. 

*79 

•79 

I 

l-«3 

1-9 

1 

2-36 

2*37 

1) 

•40 

•44 

b. . 

-oo 

•55 

h. t 

•30 

•35 

b.t. . 

•42 

•44 

b. h. .. . 

•30 

•30 

b. h. .. 

-41 

•435 

1. h 

•50 

•48 

l.b. 

•52 

•55 

G. A. . .. 

•38 

•37 




V 

•20 

•20 




P 

•12 

•12 




1> 

10. 1 

9-10:1 




pen. 1. . . 

.007 

•0075 




inesosome 

— 

— 





Abdominal cluetotaxy normal. 

Valve 12, G, 

Host, A remialector indlcm (Jmel. 

2 d , Holotype and Paratype, India, Guigaou Dist., 4. i. 1868 
(Hume Coll.j. Allotype, Imlia, Gambhur, 2. vi.l873 

(^11. M. Adam — Hume Coll.). $ , N.W. India (Capt. Pinvvill 
Coll.). 

8yRuuAPT(ECT;s PALLASi, sp. n. (Text-fig. 5 a.) 

Male, 



A. 

B. 

C. 

D. 

C. 1 

•77 

•78 

•78 

•76 

1 

Vo 

1*65 

1-60 

1-49 

b 

•44 

•44 

•47 

•46 

b. t 

•31 

•3 

•31 

•30 

b. h 

•34 

•86 

•36 

•33 

1 . li 

•44 

•46 

•45 

•44 

G. A 

•84 

•36 

— 

— 

P 

•20 

•27 


— 

P 

•08 

•086 



P 

6:1 

61:1 

— 

— 

pen, 1 

•066 

•063 

— 

— 

Mesosome ... 

•10 

*109 

•109 

•11 


Host, Eremialsctor orimioliB Lmn. 

4 d, Holotype and Paratypes, India, Punjab, nr. Fazilka, 
15.xi.l867 (Hume Ocdl.)* 
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Syrbhapt(ecus obtusus, sp. n. (Text-fig, 8 c.) 

Female (not ovigerous). — 0. 1., *85 ; L, 1*84 ; b., *64 ; b. t., *40 ; 
b. h., -40 ; 1. b., *47. 

Chaetotaxy normal, * 

Valve 10, 4. 

Host, Eremialector personatua Gould. 

$ , Holotype, Madagascar. 


Text-figure 10. 



Pleurites of 4tli (6th) segment 8yrrhapt<tcu$ spp. (a) 8. vncino$u8 Waterst. 
(b) S.falcatiis Waterst. (c) 8, digonuf Waterst. 


Syrrhaptoecus BXCISU8, sp. n. (Text-fig. 6 6.) 

O.I., -73; 1., 1-86; b., *46; b.t., *36; b.h., *34; 
l.h., -47; G.A., -42; b.p., *30; P., *12; p., 7 : 1 ; pen.l., *057 ; 
mesosome, *12. 

Host, Eremialector quadridticius Temm., var. Iwjm C. Grant. 
cT Holot3rpe and s Paratype, Sudan, Kordofan, El Obeid 
(N. G. B. Halked Coll.). (Found on two separate birds.) 

Eei/ to the Species of Syrrhaptoecus. 

1. Forehead (^, 9)8hortei' than hind head; C. I, over I.; 

tergites IV.- V. with bristles 1, 4, 4, 1 hrevifrona Waterst. 

Fore and hind head subequal ; C, 1. at roost slightly over 

*0 e. 

2. Males 3. 

Females 18. 

3. Third joint of antenna distally expanded or with appendix. 4 . 

Third joint of antenna simple 6. 
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4. Third joint widened dintally and projecting there 
anteriorly ; abdomen very bristly, tergites IV.- V. with 
bristles 1, 8, 8, I ; head broad, C, I. 'BH-'SS ; mesosome 

broader than long ... 

Third joint apically with short recurved appendix; 
tergites IV.-V. with bristles 1, 2, 2. 1 ; head narrower, 
C. 1. '84-‘85 ; mesosome ogival, longer than broad .. .. 
6. Mesosome mitre-shaped {i.e. parabolic with a short 

median apical tooth) (text-figs. 4 , 6 ) 

Mesosome variable (apically truncate, bidentato, emar- 
giiiate, etc.) 

6. Basal plate short and distally broad; mesosome large, 

over half ns long as the basal plate 

Basal plate narrower ; mesosome relatively much shorter. 

7. Telomers strongly reflexed ; paraniers narrow’ (7:1) ... 
Telomers less prominent ; paramers broader (6 ; 1 or less). 

8. Moscsome evenly curved from apex to base of paramers . 
Mesosome parallel-sided for about two-thirds from base . 

9. Mesosome notably broad ; apical edge simple; upper and 

lower plates of nearly equal length; paramer short, 

sickle-shaped 

Mesosome longer than broad, and otherwise w'ithout the 
above combination of diameters 

10. Paramers slt'iider, basally thicker and flattened mainlv 

towards apex, bimal collar prominent ; mesosome with 
sides nearly sh'aigbt, the apex broadly and deeply con- 
cave 

Paramers fiat tlivougbout their w'hulc length, the basal 
collar not prominent 

11. Mesosome parabolic, deeply and rectangularly emnrgmate 

at apex 

Mesosome more broadly curved, at most subcoiicave 
apically 

12. Paramers sickle-shaped ; apex of mesosome slightly con- 

cave in middle, the angles at sides of the concavity not 
produced ; telomers blunt ; head broad, C, I. •84-*80 
Paramers indexed on apical third; mesosome broadly 
truncate at apex, with prominent lateral angles; 
telomers angulate, reflexed ; head iiarrower, C. I, ’77-’80. 
18. Head broad, C. I. ’OO-’Ql ; chwjtotaxy not normal . . . 

Head narrower, C. I. not exceeding *87 ; chadotaxy normal. 
14. Chajtotaxy : '1'. I V.-T. V., 1, 8, 8, 1 ; tail of pleurite very 

broad and longer titan head 

Cbaetotaxy ; T. I V.-T. V., 1, 2, 2, 1; tail of pleurite not 
unusually thick ami not longer than head . .. 

16. Head; C.I., ‘SS-’S; 

Head : C. I,, *81 or less 

16. Head subtruncate (text-fig. Be) 

Htiad evenly parabolic 

17. Pleurites expanding more rapidly towards the bead 

(text-fig. 9 e) 

Pleurites more iiarallel-sided (text-fig, 9 a) 

18. Forehead sub-ogival, strongly contracted before the 

anteniisa ; enclosed space in heads of pleurites narrow’ . 
Forehead more parabolic anteriorly or even subtruncate . 

19. Forehead evenly parabolic 

Forehead anteriorly subtruncate 


Hbetanui Water st. 


alchafa Rudow. 

6 . 

9. 

mitratua Waterst. 

7. 

ttneinoaua Waterst. 

8 . 

declivia Waterst, 
pallaai Waterst. 

faleatiia Waterst. 

10 . 


anffulatua Waterst. 

11 . 

exciam Waterst. 

12 . 


hedfordi Waterst. 


diffonva Waterst. 

14. 

15. 

tibetanua Waterst. 

alohatca Rudow. 

16. 

18. 

ohtuaua Waterst. 
17. 

hedfordi Waterst. 
mitraHa Waterst. 

di gonna Waterst. 

19. 

20 . 

21 . 
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*20. Hind head at wideat not extending beyond the tips of the 
trabecuhe; head of pleurites large and subtriangular, 

the enclosed space wide (text-fig. 10 a) 

Hind head wider ; heads of pleuvitea with tlieir enclosed 

spaces naiTower (text-fig. 10 6) 

31. Plenvites strongly developed; bead reaching anteriorly 
to level ot the spiracle ; inner, ventral, and lateral angu- 
lation of the “ tail ” slight (text-fig. 9d) 

Pleurites shorter and brooder, not reaching the spiracle ; 
lateral angle of tail distinct (text-fig. 9 e) 


ttnoinosus Waterst. 
falcatus Waterst. 


angulatut Waterst. 
declma Waterst. 


Neomenopon pteroclurus Bedf. 

Keomenopon pteroclurus Bedforil, G. A. H., Parasitology, xii. 
no. 2, pp. 170-172, pi. xiii. figs. 1, 2 (13.iii, 1920). 

Host, PterocUs alchaia Linn. 

4 larvce, Palestine, Gaza, 20. viii. 1917 (Maj. A. G. L. Sladen 
Coll.). 

I have to thank Mr. Bedford for the privilege of examining the 
type of X, pteroclurus, wliich was originally found on P. namaquus 
Gm. (S. Africa, Transvaal, Ku&tenhiirg Dist.). This interesting 
Menoponid species doubtless occurs on every species of Sand- 
Grouse. 


SlJMMAUir. 

1. Skins of the 16 known species of Pteroclidto have been 
examined in the British Museum, and 14 species of 
Mallophaga referable to two genera, both peculiar to Sand- 
Grouse, have been collected from 14 host species. 

2. The methods of collecting and preparation are described. 

3. A list of hosts and parasites is given. 

4. Judged by their parasites, Sand-Grouse are related to the 
grouse and pheasants. 

5. Descriptions of a new genus and twelve new species are 
given, and a key apj;)ended. 
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18. The Species of Nologonia (Hymenoptera, Larrid?®), 
occurring in the Mediterranean Basin. By 0. W. 
Richards, M.A.* 

[Keceivod April 3, 1928 ; Read May 1, 1928.) 

The diftieulty 1 experienced in identifying a species of Notoyonia 
captured in tlie South of France in August 1927 has led me to 
ho{)e that a sumiinuy of the difieronces between the Medi- 
terranean species might prove useful. My thanks are due to 
Prof. E. B. Poultou for permission to study the Morice collection 
at Oxford, to Dr. J. Waterston for much kind help in the exam- 
ination of the material in the British Museum, and to Dr. F. 
Maidl, wlio lent me specimens of certain species from the 
Viennese Museum. The arrangement of the species of this 
genu.s in the British Mnsoum collection is <luo to Mr. R. E. 
Turner, and much of the synonymy here published is really based 
on bis work. 


Key to the Females, 

1 (4). Pygidial arwi shilling, only punctured nt idl closely 

towards its a])t‘>, not covered vvitli closely ^set 
decuinl>ent pubeht-oiice. Clyi>eus with a fairly 
wide, smooth, ummiictured apical area, which ia 
produced upwaids as a slight central heel. 

(Mesonotuin and inesoplenra not punctured, but 
very finely rugulose.) 

3 (3). Pygidial area narrower, quite closely and finely 
punctured ut the apex. MtKiian segment with its 
dorsal area finely wrinkled, with transverse strim 
indicated ; its sides and posterior surface regularly 
striate ffowpiliformis Pz. 

3 (3). PyMridial area broader, the punctures larger and not 

fine and close at the apex. Median segment with 
the sculpture much more obsolete; striae faintly 
indicated only on the upper half of the sides of 
the median segment and on the lateral part of 
its posterior surface opalipennis Kohl. 

4 (1). Pygidial area dull, closely punctured, except at the 

extreme base, which, however, is usually hidden 
hy the preceding tergite, covered with dense, 
silvery, decumbent pubescence. Clypeus with a 
narrower, uiipunctured apical area. 

5 02). Mesonotnm and niesopleura finely rugulose, dull. 

Median segment w'ith its dorsal area finely 
wrinkled. (Size large; sides of median segment 
either with very fine, close strisa, or, if more 
strongly striate, the striae are more or less inter* 
rupted m the posterior part.) 

6 (9). Sides of the median segment with coarse striae widely 

interrupted on the disc, especially posteriorly, 

(Wings not very dark. Posterior surface of the 
, median segment regularly striate at its sides, 
smoother on its disci) 


* Communicated by the SscnsTanY. 
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7 (8). Striae of sides of median sediment more effaced 

posteriori}'. Hind femora black 

8 (7). Striae of median segment stronger. Hind femora 

red 

9 ^6). Sides of median segment with no coarse striic. 

(Hind femora black.) 

10 (11). Sides of median segment practically smooth. 

(Species very much resembling N»memnonia Sm.) 

11 (10). Sides of median segment v ith very line, very closely 

set, fairly regular striae (very different from those 
of any of the other species). 1 )orsal surface of the 
median segment posteriorly defined by a strong 
keel; some \ery strong longitudinal keelson the 
part where the lateral and posterior surfaces join ; 
strim on the disc of the posterior surface irregular. 
(Wings dark, with a uietullic blue reflection.). . 

12 (6). Mesonotum and mesopleura (especial!}' the epiinera) 

shining, oh viouslv punctui^ed (except the epiinera). 
Dorsal area of the median segment vet}* coarsely 
wrinkled. 

13 (14). Upper part of mesopectus strongly and fairly densely 

punctured 

14 (13). Upper part of the mesopectus much less strongly 

and densely punctured 


mtmnonia Smith. 
$uhU9$«llata Smith. 


trivittata Kirby. 


nigrita Lep. 


prtiptermin$a, sp. n. 
niffHcana Walker. 


Key to the Males, 

The sculpture of the thorax and median segment of the males 
usually resembles that of their respective females, but is often 
less sti’ong. 


1 (6). Hind femora beneath either longitudinally furrowed 

or exc4ivoted near the base, leaving an angle pro* 
jecting. (Antenna) as in N. pompiUf omnia.) 

2 (3). Hind femora beneath longitudinally excavate, so 

that the postero- and ant cro* ventral edges are 
raised into keelH. (Wings rather daik. Decum- 
bent hairs on sternites 5-7 longer than those on 
the previous sternites ; 7th with a ridge of short 
outstanding hairs on each side; 8th slightly 
emarginate.) 

3 (2). Hind femora excavated beneath so as to leave a pro- 

jecting angle near the base. 

4 (o). Hind femora more strongly excavate. Front and 

mid femora nearly hare. 4th steruite widely 
emarginate ; 5th widely emarginate, with a long 
tuft ot hairs on each side ; 8tb slightly emarginate. 
6 (4). Hind femora less strongly excavate. Front and mid 
femora with a dense fringe of white hairs. 6th 
steruite bi*oadly emarginate; 7tli with a ridge of 
hairs on each side ; Bth slightly emarginate 

6 (1). Hind femora simple. 

7 (10). Mesonotum and mesopleura dull, finely rugulose, 

not punctured. Hone of the apical sternites with 
outstanding hairs; 8th stemite slightly emar- 
ginate. 

8 (9). Hind femora red. Sides of median segment with 

tlie striie partly efiaced posteriorly, though not so 
much as in the female. (Antenna) as in N,p<mpi* 
l^ormia,) 


nigrita Lep. 


mtmnonia Smith. 


trivittata Kirby. 


avhUauUata Smith. 
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9 (8). Hind femora black. Sides of the median seg^ment 
witih the striai stroiifrer and more regular. 

Aiitennat with the 3r(l joint much longer than the 
2iid, joints 8-13 all distinctly elongate (move than 
twice as long ns broad) and snbequal pompilif'ormis Pz. 

10 (7). Mesondtum finely punctured, not very dull ; incso- 

pleura, especially the epimeia, Hhining Some u( 
the apical sternites with dense outstanding hairs; 
hairs of the 7tli and 8tli sternitCH much short(‘r; 

8th Kternite not euiarginate. 

11 (12). The upper part ot the ineKOpectus quite strongly and 

closely punctured. Antennai as in N, jpompt- 
li/ormitt. A]>ex of the 8rd and 4th sternites and 
whole of the 6th with rather long outstanding 

liairs ... pratermissa, sp. n. 

12 (11 ). Upper part of the inesopectus more finely and sparsely 

punctuml. Antennse with the 2nd join^i ven 
short ; 3-6 each a little longer than the 2nd ; Oih 
joint about one and a liiilt times as long ns the 
6th ; 0-18 hubeqnal, distinctly elongate (more 
than twice as long as hroad). Apev ol the Ith 
sternite and whole of the 6th and Ctli with rather 
long outstanding hairs nifjricanst Walker. 

I have not been able to examine a male of X. opaUpemiU Kohl. 


Notes on the Species. 

I. NoTOGONIA POMPILIFORMIS Pz. 

Larra jtompilifoi'vtis Panzer (18()1>, p. Khi). 

J. arrada agilis Smith (1856, p. 284). 

Tachytea nigra Fabre (1886, p. 230). 

Larra iiigrwentris Cameron (1889, p. 127). 

Larra nana Bingham ( 1 897, p. 200). 

Larra iridipennia Cameron (l900, p. 26). 

The types of the species given in the synonomy, except Fabre’s 
species, are all in the British Museum. All are females, and, so 
far 08 can be ju(lge<l in this sex, do not diff'er essentially from 
European pmhpiliformia^ tliough in the Indian examples tliere is 
a tendency for the striae of the lateral surfaces of the median 
segment to be partially effaced. The African examplcvS (= agilia 
Sni.; also a female from St. Vincent, Cape Verde Islands) also 
appear to be povipili/o'rmia. 

The species is widespread in the Mediterranean region, where 
it would appear to he the commonest species of its genus. Adults 
emerge from their cocoons in the late summer and soon take to 
winter quarters ; they are captured most commonly on their 
emergence in the spring. The nesting-habits have been described 
by Kohl (1894, p. 252), Fabre (1886, p. 230), Ferton (1901, 
p. 98; 1905, p. 67: 1910, p. 152; 1911, p. 359), and Berland 
(1925, p. 43). The female hunts crickets, Flatyhlemmua umhro- 
eulatua Luo., GryUomorpha dalmathia Ocsks., and G. udensia Pant. 
In the spring small specimens are captured, late in the year 
almost fulhgrown larvae, in either case the prey being very 
imperfectly paralysed. In the larger prey one or more of the legs 
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is bitten off to impede movement. The egg is laid transversely 
on the sternum between the fore and mid pairs of legs. The 
nest is a shallow tunnel in the earth, only 5-6 cms. deep, leading 
to a few cells (1-3) situated at the end of short branch tunnels. 
Berland found the Tachinid fly, Sphecapata conica Fall., as a 
parasite. 

2. Notogoma OPATJPENNIS Kohl (1898, p. 98). 

This species was descril ed fi om Oran and Biskra. 1 have seen 
a female (Oian), determined by Kohl, kindly lent me by Dr. F, 
Maidl. The character of the pygidial area and of the median 
segment appear to be sufliciently diagnostic, but one would like 
to see a long series, including some males. 

3. Notogonia subtessellata Smith (1856, p. 277). 

This is mainly an Oriental species, but two females and one 
male from Amara, Mesopotamia, are in tl)e Morice collection. 
The habits have been observed by G. B.Dutt (1912, j>. 198 ; also 
in Lefroy, 1909, p. 201). It preys or immature crickets of the 
genus Gryllodes. I'lieso are dug out of the ground, the wasp 
never penetrating the cricket’s own burrow, even when it is 
available. Crickets often make good their escape by jumping, 
and the wasp is only successful after several attempts. When 
captured the prey is given one or two stings at the junction of 
the pro- and mesosternum. The ciicket is gripped by the 
antenna, the wasp straddling over it and walking forwaids till it 
climb.s up some plant to a foot or so above the ground and flies 
laboriously away. In approacliing the actual nest, the wasp 
walks backwards, dragging the prey after her. Probably tlie 
burrow is made before the prey is ca})tured ; the hollow’ stem 
of some plant may be used as a burrow*, or it may be dug in the 
soil. 

4. Notogoma nigrita Lep. 

Tachytes nigrita Lepeletier de St. Fargeau (1845, p. 211). 

Notogonia pharaonum Kohl (1907, p. 220). 

Though the kindness of Dr. F. Maidl, I have examined the 
unique type of N, pharaonum Kohl, which was captured in 
Egypt ; it appears to me to be only a rather small male of 
N. nigrita. This species is, after N, pampiliformi$^ the commonest 
if its genus in the Meditermnean I'egion. Captures appear to be 
most frequent between March and May, but there are three 
females in the Morice collection taken ly Donistt)or{>e at Bordi- 
gbera on the 31st of January* Ferton (1911, p. 359) has made 
some observations on its habits, at La Calle in Algeria. It was 
found bunting larval crickete in late August and September, 
looking for them under stones. The wasp was often unsuccessful 
in its attempts at capture. The bun ow is fairly deep, and is often 
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made in the sides of some natural cavity, such ns the hole of a 
rodent. Saunders (1911, p. 97) also records Eaton’s observation 
of iT. nigrita preying on a cricket at Biskra on the 22nd of 
March, so that there are two periods of the year for hunting. 

5. Notogonia memnonia Sm. 

Larrada memnonia Smith (1856, p. 281). 

Larrada mhfmdata Walker (1871, p. 21). 

Notogonia argyropyga Costa (1878, p. 17, footnote). 

The types of Smith’s and Walker’s species, both unique females, 
are in the British Museum. They appear to be identical with 
the species l^etter known as N. argyropyga Costa. This has an 
eastern and southern distribution ; I have seen specimens from 
Egypt and Mesopotamia. 

6. Notogonia trivittata Kirby. 

Tacky tes triviliatus Kirby (1900, p. 16). 

Larva {Notogonia) expedita Kohl (1907, p. 219). 

Kirby 8 type is a female in the British Museum, where also is 
one of the co-types of Kohls species. All the specimens I have 
seen came from Sokotrn. 

7. Notogonia pr-«tekmissa, sp. n. 

For reasons given in the notes on the next species, 1 think the 
present form requires a new name. Tlie type series is live 
females and one male captured in lie de Porquerolles, Var, France, 
in August 1927. The actual type is a male in the collection of 
the British Museum captured on the 26th of August. The 
species was not uncommon at damp spots on the cliffs of the 
island, where also Peendagenia carhonaria Scop., to which the 
Notogojiia bears a striking resemblance, was even more common. 
1 have also seen specimens from Corfu ; Barcelona ; Alger ; Tunis ; 
Biskra ; liesht, Persia ; Mersina, Anatolia ; Siala, Soudan. 

Deacnption, 

Black, with short silvery hairs, especially visible on the clypeus, 
apices of the 1st to 3rd abdominal tergites, and on the pygidium. 
Wings slightly infuscate, more so in the female. Head and 
abdomen smooth ; thorax with fine and close punctures, which are 
coarsest on the episterna and almost absent from the epimera. 
Median segment rather coarsely rugose, becoming irregularly 
striate on the sides and on the posterior surface. Pygidial area 
of the female entirely dull and covered with short silvery hairs. 
Abdomen of the male with the af^x of the 3rd and 4th sternites 
and the whole of the 5th with distinct outstanding dark hairs ; 
hairs of the 6th and 7th much shorter; 8th not emarginate. 
Eyes in the male separated by as much as the length of the 2nd 
and Srd antennal joints, in the female by not quite so much. 
Antennse in both sexes with the Srd joint rather more than twice 
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as long as the 2nd, the joints from the 3rd onwards subequal and 
rather more than twice as long as broad. Claws simple. Length : 
male 6-8, female 8~12 mm, 

8. Notogonia nigricans Walker. 

Larrada nigricans Walker (1871, p. 21). 

Noiogonia sculpiuraia Kohl (1892, p. 221). 

Larva {Kotogonia) pcdumhula Kohl (1894, p. 304). 

Leptolarra reticulata Cameron (1900, p. 31). 

Notogonia nigricans Turner (1917, p. 319). 

A female co-type of Walker s species is in the British Museum. 
The type of sculpturata Kohl was a male from Egypt. Hr. Maidl 
sent material fiom Vienna that included the type, though the 
latter was not specifically indicated. In this series two males 
from Egypt both belonged to nigricans^ while a male and female 
from Barcelona belonged to the species just described as pne- 
termissa. The type of palumbula Kohl is probably in the 
collection of Dr. Brauns, of Willowmore, and was not available 
for study, but I have seen a specimen from Sokotra determined 
by Kohl. 

Cameron’s type was also not available, but I follow Mr. R. E. 
Turner (1917, p. 319), who states that it is an Indian subspecies 
with a rather more hnely punctured mesonotum. Examination 
of a considerable number of specimens has left me unable to 
distinguish in any way between the South and East African 
palumhula Kohl and the Egyptian and Arabian form, V. nigri- 
cam Walk. I have seen specimens of this species from Caiio 
and Fay urn: Djama, S. Algeria ; Amara, Mesopotamia; Aden; 
various localities in E. and S. Africa, c. g. N^E. Rhodesia, Cape 
Province ; Gibraltar ; females of apparently the same species from 
St. Vincent, Cape Verde Islands. 

It is unfortunate that in all collections females so predominate ; 
some of the forms here treated as one species may prove to be 
distinct when the males are known. 
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Introductiox. 

In spite of their si/.e and the interest which their loud song 
has excited in Man from the earliest times, the Cicadas [have 
been extraordinarily neglected by morphologists. The sound- 
producing apparatus has been the subject of considerable study 
and much controversy, but the rest of their structure has 
remained almost unknown or greatly misunderstood. The 
following study was made largely in tlie Entomological Labora- 
tory of the Bussey Institution, Harvard University, and T am 
deeply indebted to Professor W. M. Wheeler and to Professor 
0. T. Brues for help and advice of every kind during its course. 

(1) EZTEBNAL ANATOMT. 

General Characters. 

The Cicadas are among the largest insects included not only in 
the Homoptei*a but in the whole Order. Their shape, with the 

^ Coinmunicatod by S. A. Ksa.tb, MA., DEc., F.Z.S. 

pRCKi. ZooL* Soc,-— 1928, Ho. XX'V. 25 
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body usually short and stout and the wings long or moderately 
80 , is rendered characteristic by the normally short but wide head, 
with prominent eyes and conspicuous ocelli, frequently red in 
colour, and arranged in a triangle upon the crown. The head may 
be produced, but never to such an extent as in the Fulgoridee — 
the only other Homopbera nearly rivalling the larger cicadas in 
size. 

The fore-legs show great swollen spinose femora, while the 
wings, though strong, are usually transparent, but in some cases 
opaque and highly coloured. The venation is compaiutively 
primitive and simple, with, in addition, an ambient vein cutting 
off a fairly wide border. 

The males of all save one genus possess a complicated sound* 
producing organ in the 1st abdominal segment, while both sexes 
are furnished with the most complex chordotonal organ known, 
housed in a swelling on each side of the 2nd abdominal segment. 

All the species are purely phytophagous, li\ing on the sap of 
plants. Tlie nymphs throughout the family are subterranean 
and noted for the extreme length of the cycle — in one well- 
established case reaching seventeen years. Their fore-legs are 
modified in a characteristic way for fossorial purposes. 

The eggs are deposited in the stems of plants by means of the 
powerful ovipositor carried by the female. The young nymphs 
on hatching out drop at once to the ground and burrow. 

The adults are comparatively short-lived, enduring at most one 
sea'^on. I'he song exhibits great constant specific variation and 
apparently plays a part in the mating pi*eliminaries. 

h. Integument and Coloration. 

The integument of cicadas is generally well-chitinized. The 
cuticle may be rarely entirely smooth or covered with pubescence 
or pilosity. TTie pubescence is often fine, close, and continuous, 
and may completely obscure the colour beneath. Silvery or gold 
markings formed by patches of pubescence are fi-equent, 
Pruinosity is less frequent than in Fulgoroidea or Sternorrhyncha. 
It is usually confined to the immediate neighbourhood — often a 
mere rim — of the inoi e posterior abdominal spiracles, but may 
occur in patches elsewhere. Nevertheless, waxy material may 
exist as an extremely thin and pi-actically imperceptible covering 
over the whole of the body-surface, as Fumouze (1888 (?)♦ found 
in Tlhicen plebeia and Iliiechys sanguinea by the use of chemical 
methods. Pilosity is associated chiefly with altitude. Among 
those New Zealand species of Mdampsalta which enjoy a con- 
etderable range in altitudinal distribution, there is a clear 
eorrelation between elevation and hairiness. Alpine or subalpine 
.species, however, are nearly always more hairy than closely* 
related lowland forms. Teitigarcta crinita Dist., perhaps the 
most profnMy liairy of known cicadas, occurs on Mt. Kosciusko 
:jtt an elevation of 5000 feet (H* Ashton^ in 
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The colour- pattern of Cicadas contains usually two elements — 
an arrangement of dark cuticular markings on a paler hypo- 
dermal ground-colour. Sometimes one will predominate; 
sometimes the other. 

Metallic colours would seem to be absent, but are occasionally 
simulated by pubescence. 

An interesting study of the pigmentation in Magicicada eepien- 
decim has been made by Gortner (1911)*. lie remarks that the 
rapid change from the pale-coloured, almost creamy, nymph to 
the deep black a.(lult “presents one of the most remarkable 
changes in coloration ” of which he is aware. From his earlier 
work on the pigmentation of the meal-worm {Tenehrio molitor) 
he had expected to find that tliis change in colour Avas an 
oxidation, induced by the action of an oxidizing enzyme, and his 
expectation vras fully realized, although he found important 
differences. 

The colour “ is due to the action of a tyiminase acting on some 
aromatic amino phenol, producing, as a result of the action, a 
black, insoluble pigment. That it is an oxidation is shown in 
the following ways’’ (Gortner, 1911): — 

1, If an imago just emerged be placed in water no coloration 
appears; yet if it is remove<l at any time before decomposition 
sets in, the coloration proceeds at once. 

li. If an imago just emerged be kept in a stream of 00^^ no 
colouring occurs; but if in O,, the blackening proceeds normally. 

There was no difference in the intensity or rapidity of 
coloration in insects kept during, and after ecdysis in strong 
light, dim light, total darkness, or light filtered through blue 
glass. 

On p. 93 Gortner makes the interesting suggestion, inasmuch 
as the coloration is a uniform black over the entire surface, — 
“timt the entii'e now cuticiila is formed by the leaction 
between the oxidase and the chromogen, in the same manner 
that the Japanese laetjuer is formed by the action of laccase on 
the milky latex of the tree lihvs verniciferay 

The wings are usually colourless, but in some eases opaque and 
brilliantly coloured. Grafin vou Linden (1901) has studied the 
wing-markings, especially in some of the PlaUjpleura spp., which 
show spots and streaks. She finds the markings are always 
determinetl in position either l»y the position of the veins them- 
selves or of the minute cross-folds which may be seen in certain 
lights in every cicada tegmen and which she believes to be relics 
of a close net-veining. The strongest markings are determined 
in position by the few cross- veins which remain in the imago. 
Even in the most transparent tegmina there are frequently dark 

* Fall references are given in a eomprekeneive bibliography of the family now 
being pubUsM by Messrs. George Koiitledge ^ Sons, Ltd. in my book on the 
Biology of Cicadas. 



368 


DR. J* G« MYERS ON THE 


marks on the cross-veins or at the end-points of long veins- 
Biedermann (1914, pp. 1719-1721) discusses the Grafiirs results. 

It is unfortunate that tiie only two cicada species on which 
the chemists have worked were, from the pigmentation stand- 
point, highly anomalous, rumouze studied the red medicinal 
Cicada, Huechys aangiiineay of the Orient. This species is 
coloured a striking red and black, and possesses in addition an 
unpleasant smell, and thus belongs to the forms commonly 
regarde^l as protected by “warning coloration.” Fumouze 
(1888 6) isolated from it a red pigment — “rouge dTIuech\s ” — 
which gives the colour to the abdomen, and a yellow hygrometric 
substance. 


c. Head and its Appendages. 

The litei*ature on the head and its appendages is almost 
entirely modern. After a few references in classical antiquity 
we find no more attention paid to this part of the cicada anatomy 
until comparatively recent times. The early po.st-Henaissanco 
observers were interested chiefly in the sound-organs and worked 
but little on other pfirts of the cicada body. 

Nevertheless, it would be a mistake to suppose tliat Aristotle 
missed anything winch could be seen, if not exactly perceived, l\v 
the means at his command. He believed that cicadas lacked a 
mouth, or rather that the mouth and tongue were united so as 
to form a single part, through which, as through a root, the 
fluids on which they live are 8ucke<i up (do part. Animal, lib. iv. 
5). We shall return to this conception when discussing feeding- 
habits. The Eg3q>tiaiis also saw' the rostrum or “ nculeus,” and 
interpreted it as the plectrum of the musical instrument (Hora- 
polio, Valeriano Bolzani). Pliny (lib. ii. cap. 37) quoted Nigidius 
to the efiect that cicadas lack eyes — a statement which is re}>eate<l 
by Moufet (1634), — and is perhaps based on the lack of the 
wariness usual to cicadas and other iiusects in the common 
European species, Tihicen pleheia. 

The modern references will not be discussed in detail until we 
have described the parts concerned. It will then bo easier to 
correlate the results of previous work. 

In later days some of the most controveited questions in 
external insect anatomy have concerned the interpretation of 
Hemipterous head-structure. Some member of the family Oica- 
did«e has very often been the type studied, as in the case of 
Smith with his startling homologies in 1892, Marlatt (1893), 
Meek (1903), and Muir and Kersbawr (1911a, 19116, 1912). 
Writers on other families of Homoptera have often orientated 
themselves on the large Cicadidse ; thus Punkhouser (1917) and 
Boering (1922). The literature is therefore bulky, but, in 
addition, the fact that Hemipterous head-structure is remarkably 
uniform throughout both suborders, brings in aa explanatoiy 
of cicada conditions interpretations based on other forins^ and 
adds to the list such classical contributions as those of Qeise 
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(1883), Wedde (1885), and the more recent work of Bugnion and 
Popoff (191 1), and Tower (1914). Thus it might reasonably be 
expected that the homologies of the trophi and sclerites have 
been clearly demonstmted. But this is very far from the case. 
Moreover, as at least two other contributions (Metcalf, Hussey) 
on the subject in America alone are novr either in the press or in 
manuscript, the present writer feels that no finality for the 
interpretation here su[)ported can be expected. 

In a subject so much discussed it is, of course, obvious that the 
structures themselves have now become moderately well known 
and the discovery of strikingly new morphological evidence 
corresptmdingly unlikely. Until the homologies of the Hemi- 
pterous mouth have been finally elucidated by wider and more 
comparative embryological studies of this and of all related orders, 
coupled with an advance in our knowledge of insect morphology 
in general, with clearer conceptions of the relationships and 
origin of the head sclerites in the most primitive mandibulate 
forms, finality cannot be expected in the interpretation of cicada 
head-strticture. In the following pages I have therefore, after 
tin examination of all previously published views and a study of 
l)oth nymphs and adult cicadas, chiefly of New Zealand species 
of MelampmUa^ esj)eeial]y M» dngulata and J/. leptomera^ 
attempted fii*st a simjde description of the head and mouth-parts, 
and then a collation of the arguments for and against the various 
divergent viewh, the sulwtantiation of which must lie sub judice 
at least until the publication of studies now in the press. For 
tlie adult condition, as Snodgrass has suggested, it is advantageous 
to study a ^oft freshly -emerged example, or even one extracted 
from the nymphal cuticle just before ecdysi.s. 

Since the clnef contioversy concerns the homologies firstly 
of the two pairs of mouth-seta' and secondly of the facial sclerites, 
the ilescription of these wdll he made especially detailed. Unless 
otherwise stat^ed the particulars concern Melu/nipsaUa leptom^fra 
iuhilt, of which a head cleaned by Nematode worms more neatly 
timu by KOH wivs fortunately available. 

a. Description of Head and MotUh^parts. 

Viewed from the front, the most striking feature is the large, 
swollen, transversely- striated fix>ns (text-fig. of which the 

striations correi^[>oiid with the insertions of the gimt dilator 
muscles of the sucking-pump. The upper edge of this sclerite 
passes into the crown or vertex*, from which it appears to be 
separated by a transverse fold lather than by a distinct suture. 
In the nymph at the final ecdysis the split does not occur along 
this fold but more caudally, along two sides of a wide triangle 
of which the fold in question forms the base. This triangular 

* Fcll6wi)w C. F. my tram as a 1««» committal term than 

In the Fnlgnroida, moreover, the oertaioly not ajnonymone, 

sittcs tlii vertex intadea the region commonly known ae/nmr in theae inaeeta. 
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piece, which bears the median ocellus in the adult, is apparently 
rather a part of the true frons than of the true vertex. There 
seems no reason against considering the sides of the triangle as 
the arms of the epicranial suture (text-fig. 2, es.). Them is a 
fairly distinct line along the arms of the Y in the adult head as- 
viewed internally (text-fig. 2). The corresponding sclerite in 
Membracidse, as shown by Hazel Branch may also be considered 
the frons. In her figure the epicranial suture is clearly marked, 
and its arms are “ formed by the lateral edges of the clypeus,^’ 
she incorrectly homologises the plate in question. 

Posteriorly the crown passes into the occiput without furtlier 


Text-figure 1 . 



/r., front ; c., clypeai; labrum-epipharynx ; frontal suture ; geiial 

suture; frontal pit ; oc., median ocellus; wjp., maxillary plate; Ir,, lorum. 


sutures. The paired ocelli are on the vertex just behind the 
arms of the Y, The compound eyes are large and protruding. 
The anteniite comprise, as in all other Aiichenorrhyncha, a shaft 
or peduncle and a whip or flagellum. The peduncle has two* 
segments, the fimt hidden by the horizontal antennal shelf, both 
simple, lacking sense-organs, and considerably thicker than the 
first segment of the flagellum. The number of segments of 
the latter varies within close limits, but in Melampsalia lepiomera 
is six. These taper to the apex, though in MagicU^a $epten- 
deeim especially the apical one in a fresh condition may be 
somewhat swollen. Hansen (1890) gives five flagellar eegmenta 
as normal to the family, but this is an error. The setisillm, to 
be described in a later chapter, are confined to the fliagellum* 

♦ “Morphology and Biology of tlio Mombractdm of Ksaosi/* Ksaa. Vm, 
Bull. xvHl pi. 11. fig. 86, p. 86 (JBii^to). 
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The lower uiargin of the frous passes into the clypeus (text- 
fig. If c. & text-fig. 6, c.), with well-defined demarcation from 
that sclerite. The clypeus is considerably flatter, with a more or 
less membranous structure arising from its inner surface and 
projecting as a narrow grooved flap beyond its truncate apex. 
This structure — the labrum-epipharynx (text-figs, 1 <fe 2, 1 .) — is 
throughout grooved on its inner surface for the reception of the 
mandibular and maxillaiy setae, which lie basally between it and 
the closely-appressed groove of the hypopharynx (text-fig. 2, A.). 
The distal portion of the labrum-epipharyx protects the setae at 
the base of the labium, where the dorsal trough of the latter is 
shallowest. 



M^lamptalta leptomera. Occipital view of head, KOH preparation, troplii removed. 
bi.f bo<l.v of ^ tentorium ; e#., epicranial auture ; dt , dorsal arm of tentorium ; 
ga., geual apodeme; yh., frontal apodeme; k,, hypopharynx; fp,, frontal 
plate ; /r., lorum (maxillary plates removed) ; L, labrum-epipharynx ; oc., 
median ocellus. 

On each side of frons and clj^peus is a crescentic lorum 
occupying most of the true geual ai-ea in cicada f text-fig. 1, Zr,). 
lateral to this in turn is a longer plate, which it largely hides 
from facial view. This is the maxillary plate (text-fig, 1, mp,% 
which apically meets the free extremity of its fellow to form with 
it and the labrum a narrow pore through which the aetm pass 
into the rostral furrow. 

Between lorum and frons is the frontal suture (text-fig. 1, fs.)^ 
which passes up to the crown. Separating lorum from maxiilarj 
plate is the genal suture (p«.)i which almost joins the frontal 
eutiiso posteriorly* 

The sutures mark the externa) lines of deep fiange-like 
apodemes (text-fig* 4, u), the first clear interpretation of which 
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Text«figure 3. 



Melampsalta leptomera. As text-fig. 2, but troplii in pUce. 

rm., retractor of mandible; am., articulation of mandible; m«., maxillary plate; 
#n., mandible; mar., maxillary seta ; U, tendon of Meek ; ma., maxillary apodeme. 


Text-figure 4. 



Mtlampialta eimgulafa (Fabr.). Exuvial bead of ultimate nympb. 
a., frontal apodeme; /J)., frontal plate; fr^ ftont; e., dypeue ; t, tendon* of 
pharynx dilator mneclee. 

hag been given by Muir (1^26). The frontal apodeme is narrow 
near the antenna, but widens apically till it reaches the junetioii 
of the frons and clypeus, where it forms a strong stmt at a point 
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uuirked on each side of the face by a deep pit. Surely these pits 
(text-fig. situated exactly at the junction of the plates we 

are calling Jrons and clypeus. are homologous with the frontal 
pita of the cockroach and other orthopteroida, and, as such, good 
landmarks for the recognition of these two scleritea. They 
may be taken as adtlitionai grounds for Muir's supposition 
that the struts in question are homologous with tlie anterior 
arms of the tentfniuni. These struts flatten out and join in the 
middle line to form the posterior portion of a deep, trough-like, 
strongly-chitinized structure which all previous workers before 
Muir (1926) appear to have regarded as the floor of the pharynx, 
for which, however, it is only the support, since Muir found in 
a nymph just after ecdvsis that tlie pliarynx can be separated 
completely as a membranous tube lying on the floor of tljis 
trough (text-tig. 4, fpJ), 1 have been unable to achieve this 
separation myself in nymphs or adidts, but 1 had none near 
ecdysis. This boat-shaped trough is then in its relationship 
strikingly similar to the frontal plate of the tentorium in some 
orthopteroida, and should certainly be regarded as homologous 
tlmrewith. Smith (d. H,, 1892^ regards it as the mentiun ! 

Tlie genal suture forms internally a similar apodeme, the 
anterior portion of which joins its fellow from the opposite side 
to form an anterior support for the ventral wall of the pharynx. 

Tlie doisal arm of the tentorium — nearly always hitherto 
(SiKxlgrass; Muir and Kershaw, 1911; Doeiing, Funkhouser) 
considered the anterioi — ari^^es from (Muir says near) this genal 
apoileme just at its a{>proximation to the frontal apodeme and 
near the base of the antenna (text-fig. 2, dt, tfe text-fig. 3). It 
joins the V»ody of the tentorium near the middle. This latter 
IS a short transverse rod, c*onspicuous in ocrcipitaJ view% swollen 
near each end at the junction with the dorsfil arms, and attached 
to the apices of the maxillary apodemes. Thence the tentorial 
hotly is connected to tlie outer w’all of the bead-capsule by an 
invagination at the ill-defined labial suture of Muir (1926), this 
invagination possibly corresponding with the posterior arm of 
the tentorium. 

‘^At the base of the free apical portion of the maxillary 

plate on tlie lunlerside is the opening of the deep invagination 

which forms the large maxillary apodeme.*' (Muir.) 

The genal apodeme joins it, and the two form a pouch in 
which lie the mandibular and maxillary setce. 

The mandible is represented solely by a long stout seta (text- 
fig. 3, w.) of the outer pair and its fairly simple base. This base 
•consists essentially of a moderately wide plate bent over at the 
topi^* to use Snodgrass’s (1921 a) expression, and connected with 
the wall of the head-capsule near the upper corner of the frons 
and the origin of tbe dorsal arm of the Umtorium. On this plate 
axw insert the protractor muscles, which are attached to the 
lower portion of the face, chiefly of the lora. The retractor 
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muscles are inserted at the bulbous portion of the mandible 
where the seta passes into the wide plate, and are attached to 
the crown behind the ocelli. The mandibular setae are barbed at 
the tip, and together loosely enclose the tightly-conjoined 
maxillary setae within the rostrum. 

The maxilla base is carried further back into the head-capsule 
than that of the mandible. The protractors attach chiefly to the 
lower part of the maxillary plate, while the retractors go to 
the vertex near the attachment of the mandibular ones. The 
maxillary setae are finer and intimately locked together, forming 
a water-tight tube which is split with difliculty and has often 
been described (e. g, Buckton) as one piece, and which lies in the 
loose channel between the apposed mandibles. 

The maxillary setae are connected by tongues to form this tube, 
as seen in cross-section (text-fig. 5) in Fidicina* The central 
tube is bounded on all sides by the inner walls of the maxillary 
sets© (/?.), but the section shows there are three holes enclosed in 


Text-figure 5* 



Fidieina ttmilata (Wk.). Croif-aection of maxillary tube. 
fc., food-canal ; a., salivary canal ; 1., lumen of one maxillary seta. 


the walls of the canal thus formed. Two — one placed excen- 
trically in each seta — are small, and are the lumina of these 
organs, allowing passage of nerves and tracheae, which stand out 
as fine hairs when the maxillary setie are cut. The third passage 
is larger, and is formed by a deep nearly enclosed groove in one 
seta roofed over by the apposition of its fellow. The large 
central canal is, of course, for the passage of food, and the 
parietal channel for that of saliva, lu Graphoaoma^ and 
apparently in most other Heteroptera, the two canals are more 
nearly equal, the salivary passage being slightly smaller. 

The setm are capable of considerable extension beyond the tip 
of the labium (text-fi^. 68). 

The bypopharynx is a pad-like triangular structure grooved 
for the rece^ion of the setae and fitting closely against tbs inner 
surface of the epipfaarynx. Below the terminal portion of libe 
bypopharynx is a swelling containing the smiyalT pumpi. 
described more fully in the account of the iUmentiMTy eyetem* 



MORPHOLOGY OF TUB CIDADID^, 


375 


This terminal part is fused with the chitinous plate supporting 
the ventral wall of the j)harynx. The lateml wings of the hypo- 
phar^’nx seem to be directly continuous with the lora, as noted 
by Hnodgrass (1921 a) and seen in text-fig. 2 (A., lr ») — an 
extremely anomalous condition. Possibly the term hypopharynx 
is to be restricted to tlie terminal somewhat spoon -shaped portion, 
as held by Muir and Kershaw (1911 a, p. 5). 

The labium forms the rostrum or sheath for tlie set£e. It is 
attached by feebly-chitinized membrane, and, as noted by Meek, 
shows stronger connections with the prothorax than with the 
head — a condition developing early in einbiyonic life (Heymons, 
1899), In its distal poi tion the labium is u deep, trough-like, 
almost closed tube. Tliree segments are recognizable witli signs 
of a fourth (text fig. fi). From the proximal segment the 
chitinized floor of the labial groove becomes differentiated as a 
free chitinized rod (text-fig 6, r.) for the insertion of the muscles 
of the labium. 

Bugnion and Popoff‘ say that in the Pentatomoid, Graphosoma 


Text-figure 6. 



M«lanip»alta Uptomera, Rostrum of ultimate nymph, 
e., cb'paus ; labruin-epipharynx ; gular membrane ; r., chitinized rod. 


(1911, p, 651), the labial canal forms, near the tip at 
least, a completely closed tube. Above this (proximal ly) the 
groove is open to permit the labium to bend away from tbe setae 
and allow penetration, the flexion occurring between the first and 
second labial segments. They note that, if the setie by accident 
are drawn entirely out of the labial trough so as to escape from 
the closed apical tut>ular part, the bug is unable to return them 
and dies of starvation. We doubt whether this condition is at 
all general, and we have shown in the New Zealand Pentatomid^ 
&hSpalim.iyrpha^ that when the setae are penetrating to the fullest 
extent, the labium is withdrawn from them completely and 
folded back along the venter 

In cicadas, at least in M, cing%tlata^ the apical portion of the 
labial groove is not shut. The shortening of the labium to allow 
penetration of the setae takes place by wrinkling transversely in 
the terminal segments. 

^ ^ The Fsadtae^liililU of Hcaiipl«iirs,'* Kew Zesksd Joeru. Sei. A Tsclia. 
iT. pp. KMHMS, X-41 (im). 
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The mechanism of the mouth -parts is so linked up with the 
functioning of the salivary glands and pharynx that it has been 
dealt with under the physiology of the digestive system. The 
< 5 hief point to emphasize is the presence of a distinct salivary 
canal in the wall, as it were, of the much larger food-channel. 
This has been frequently overlooked {e.g, Snodgrass, 1921a). 
The seta? can be pushed out by the approximate muscles with 
considerable force, even in alcohol specimens. 

/3. Xotea on ilie Homologies, 

Smith (1892) considered the whole mandible to be represented 
by the loriim, while both setie were derived from the maxilla, as 
also were the maxillary plate and the labium ! He seems to 
have strained his interpretation to accord with ajn^iori conceptions 
drawn from a study of the Dipterous condition. In more detail 
he homologized the maxillary plate with the palpus, the rostrum 
with the subgalea 4" gal en, and the two setie with the lacinia and 
stipes respectively. 

Marlatt (189»^) considered our frons the clypeiis and our 
lahrum-epipharynx the iabrum or rather part of it. The lorum 
was considered a “mandibular sclerite'^ bearing the same 
relation to the mandibular seta as the maxillary plate or sclerite 
to the corresponding seta — a view still much held in some 
quarters, e, g, Comstock. 

Meek (1903) did a very detailed piece of work, and was one of 
the few cicada workers to notice the salivary canal. He con- 
sidered the frons to be correctly homologized. Marlatt w'as 
followed regarding the “ mandibular sclerite^’ or lorum. 

Just before Meek, Bentley (1900) considereil the frons, in our 
sense, the clypeus. 

BerJese (1909) studied both the nymphal and adult heads, but 
adopted a terminology which has few adherents. Our verUic is 
called the post-front, while our triangular apjiendage of the frons 
bearing the median ocellus is the tergite of the antennal or 
aecond head -somite, of which the stern ite is constituted by the 
antennal shelf (p. 86, 6g. 41). Unfortunately, the different 
sections of Berlese’s tremendous work are not always consistent 
inter as, so that, for instance, oui* frons. usually called by Berlese 
prefronie (p. 86, fig. 41) on fig. 422, is laljelled clypeus. The 
adult head is considered more especially on pp. 98-99, figs. 58-60, 
where the clypeus is so labelled!, except a small and not really 
differentiated portion which is called lahrum^ our labrum- 
epipharynx not appearing in any of his figures, having been 
probably boiled off* in caustic potash. The labium is said to 
•consist of suhmentum^ rmntum^ and appeudages The 

hypophaiynx is considered (p. 855) to form the floor of the labial 
gutter, and to be produced backward into the head as a peculiar 
process, which is evidently our text-fig. 6, r. 

Muir and Kershaw (1911a) comidereil adult structure* They 
recognized and pointed out the importance of our fi'OUtal suture, 
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called “ man<libu)ar suture,’’ and desciibed tbe mandible articu- 
lating by a “ true ginglyinus articulation ” at tlie posterior end 
of this suture. Tlie articulation point is taken ns a landmark 
between frons an<l cl)[)ens, and our jnesent frons is tlierefore 
designateil clifpeAui, A very good ami clear account oi the 
mechanism is appended. 

The same writers (19116) made embryological studies on a 
Ileduviid Heteropteron, demonstrating, as Hejunons (1899) had 
already somewhat imlefinitely indicated, that the mandibular 
seta and its actual base develop from the entire mandible. At 
the same time tliey coii firmed lleyinons’s <lemonsiration of the 
early difterentialion of the maxilla into maxillary plate and seta. 

A third j)aper by these authors (191*2) considered the nym]»hal 
head of the cicada and the embryology of the Sip/uinta (Flatidas) 
heail. The results confirmed those previously announced. 

Snodgrass (1921 a) gave a very clear and heautifully illustrated 
account of the lu'ad of l^epiendecim^ with a critical discussion of 
previous work, making also a suggestive c<>m[)arison with an 
Ac)‘idian head, lie considered the frons to be liomologized as 
we have stated, and called our lahrum-ephipharynx the labrum. 
The salivary channel t)f the maxillary setie was missed entirely. 

The same writer ( 1927), intlueficed by his new <lecision that 
tin* second tmlargement of the f(M)d-eanal is the true pharynx, 
believes that the frons should be known ns the post'clppens^ and 
the clvpeijs, in our sense, the amte-chfpeu ^ — a view* in which w*e 
cannot follow him, hut whicli is <liscussed in the ac?count of the 
fooil-canal. 

Muir {ih and in 192C) now believes that our frons should 
be so-called, or perhapvS cfyjjfo-fViNts. The chitinous piece 
supporting the posterior half of the pharynx or siicking-pump is 
compared witli the frontal ]»lateof some Orthoplera, ami is shown 
txi be ttmtorial rather than stomodteal in origin. 

The chief dtd>ated p)int.s in the literature thus reviewed 
concern the homology of the large, striated, facial sclerite, and 
w*ith it. that of all the other pieces of the face, and, secomily, the 
interpretation of the tentorial structures. If the chitinous 
trough which supports most of the sucking- pump is, as Muir 
suggests, the fit)r)tal place of the tentorium — to which it w as com- 
jmre<i also by Snodgrass ( 1921, p. 21. — then the strut connecting 
it with the rest of the frontal apmleme marks the invagina- 
tion of the anterioi’ ann of the tentorium. And as this 
invagination is generally accepte<l ns marking the boundary 
between fi*ons and clypeus, the striated facia) sclerite w^ould be 
tbe frons. This was the view of Snodgrass (1921 «) and of 
Meek. In Heteroptera, Bugnion and Popoff (1911, p. 050) 
would seem also to agree when they state “ plus en arricre, 
les bords de rdpistome (clypeus) torment deux petits ailerons 
(figs. 2, 3, at,), qui donnent attache par leurs angles posterieurs 
anx branches antdrieurs du tentorium. . , But they believe the 
facial icierite in question to be the clypeus (^piatome or chapermy 
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becauss it gi\rea insertion to the pharyngeal dilator muscles — 

une des camctcristiques du clypeus est qu’il dorine insertion par 
sa face profonde aiix fasceaux ant^rieurs du diiateur du pharynx.'* 
Yet Snodgrass (1921, p. 1) calls the same piece the frons for 
exactly the same reason that the French writers named it dypms. 

The prominent ridged facial plate (-F/.) is designated the front 
because of the attachment of the pharyngeal muscles to it as in 
other insects." The clypeiis of the two French workers would 
therefore appear to be the front of geneml morphologists. 
Snodgrass, however, believing now that the true pharynx is the 
second enlargement in the alimentary canal of cicada (see section 
on digestive system) and that his “pharynx" of 1921 is a 
modified mouth-cavity, has changed his views on the homology 
of the striated sclerite accordingly, and identifies the true front 
with the small triangular piece bearing the median ocellus and 
considered by us a part of our frons, which Snodgrass now 
considers largely clypeal, os did Muir and Kershaw (1911, 1912). 
But in the meantime Muir has decided that he was mistaken in 
his former views on the tentorium, and now advances the views 
set forth at the l>eginiiing of this pamgraph, according to which 
the disputed striated sclerite is the frons. Thus, curiously 
enough, Muir and Snodgrass have in a sense changed places in 
their interpretation. 

We have seen that Snodgrass now regards the great sucking- 
pump as a modified part of the mouth-cavity rather than a true 
pharynx, since is has no geneml muscular covering, but only the 
dorsal dilators. But granting, as we must, that this sucking- 
pump is analogous in function to that of non-Hemipterous 
insects, the loss of trausveme muscles and the great development 
of dorsal dilators are perhaps not sufficient reasons for declining, 
with Snodgrass, to regard it as also homologous in structure. 
At least it shows no greater modification than the trophi them- 
selves, if, as all agree, these also were derived from the homologous 
parts of a mandibulate insect. Moreover, we may ask what 
constitutes a pharynx other than the anterior portion of the 
stomodieuin. The demarcation between mouth - cavity and 
pharynx, and between this and msophagus, is surely more or less 
arbitrary. 

If Muir’s present view as to the tentorium be cori*ect— and it 
would be difficult to explain the condition found in text fig. 4 
on any other basis, — then the anterior arms of the tentorium in 
the previous sense of Muir and Kemhaw (1911, 1912) and in 
that of Doering (1922) really correspond to the dorsal arms 
in the cockroach and other insects* The likelihood of confusing 
these two paim of arms was pointed out by Dr. Ommpton in 
conversation. 

Muir makes the interesting suggestion that the elements of the 
tentorium represent segmental ap^emes, arising at the of 
the segments composing the bead. In oitmda there are four pairs 
^f such invaginations— frontal, genal, maxillaiy, and laUa}. 
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Lal)rum-epipharynx , — The projecting portion, or the whole, of 
this terminal sclerite of the face has been called the labrum by 
most of those who identify the large, striated, swollen plate as tlie 
frons (Snodgrass, 1921 ; Meek, and Tower in Ileteropteia), and 
epipharynx by those who name the directive sclerite the clypeus. 
Meek would distinguish a rudiiiientaiy labrum, deeply grooved 
and overlying the epipharynx. Muir and Kershaw’ (191 1 a, p. 2) 
suggest that the division l>etween labrum (our clypeus) and 
epipharynx is not distinct, and therefore the piece might be called 
lahr^un-epipharynx as in Diptera. But with the homology 
suggested in the present contribution the compound term might, 
for the following reasons, \ye retained for the narrow terminal 
piece only. If it arose from the edge of the sclerite which we 
call clypeus, it would be a simple labrum ; but its origin on the 
inner surface (text-fig. 2, /.) of the clypeus and its general nature 
as a grooved pad, save distall}', are epipharyngeal characters. 
Yet the epi[)harynx, in Insecta generally, arises jfrorn the inner 
surface of the labrum, not of the clypeus (Comstock, Imms), 
though Packard (1898, p. 43) states: “The epipharynx is the 
under surface or pharyngeal lining of the clypeus and labrum, 
forming the membi'anous roof of the mouth.” In these circum- 
stances we think it advisable to retain the compound name for 
the terminal stdorite of the cicada face. 

With regard to the embrvological development of the trophi, a 
word here must be said of Ileymons’s (1899) contribution, dealt 
with fully in a later section, Comstock (1925, p. 398) quoted 
Ileymons in support of the view^ that the “ mandibular sclerites’* 
(our lora) are formed from the basal part of tlie embryonic 
mandible, while Snodgrass (1921, p. 8) brings him in proving 
tlie coiitnuy. It beiu>ves us, therefore, to see what Heymons 
really stated on this (|uestion. He did definitely prove that the 
maxilla split early into a plate and seta, or rather into two lobes 
giving rise respectively to these structures : but concerning the 
mandibles be was less definite. The following pasage (Heymons, 
1899, p. 422) is doubtleas Comstock^s witness : — 

“ T)a die l/ira bei den ITomopteroiiKelbstandige.dentlicb von 
tier Stirn abgegi’enzte Sceletstucke sind und da sie im derselben 
Bexiebung zu den Mandibeln stehu wie die Lamina max. zu 
den vorderen Maxillen, so kdnnen die ‘Lora’ entsprecliend 
als Lamime mandibidares liezeicbnet werden.” 

But Heymons evidently wished to regard the “mandibular 
sclerite as homologous with the maxillary plate, though his own 
embryological work and figures indicate no such correspondence. 
Thus (1899, p. 422):— 

“ Diese sog. Iiora sind in entwicklungsgeschichtlicher 
Hinsicht keine ganse einheitlichen Bildungen, indem sie 
sowofal auf Bestaudtbeile des Antennensegmentes wie auf 
s6lche dea Mandibelsegmeuta zoruckzufuhren sind*** 
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And further (p, 440) : — 

Yom anatoinischen Standpunkte lassen sie sich cleswegeii 
rnit den Laininm niaxillares vergleichen, well sie wie diese die 
] nserfcionsfliiche fiir die Protractormuskeln (Mandibulare Pro- 
tractoren) enthalten. Entwicklungsgeschichtlich babe ich 
dagegen nicht deu Nachweis fiiliren kdnnen, dass an dem 
Aufbaii dor Laminae niandibulares sich aucli noch die Extrenii- 
tiiten des Maiidibularseginents betlieiligen ” (p. 438). “Die 
Mandibel wiinle detngemass also iin wesentlichen nur iioch die 
inorphologische Bedeutung einer ‘ Lade * besitzen.” 

In view, therefore, of Muir and Kershaw’s work, it may be 
taken as established that the whole of the embryonic mandible 
develops into the seta and its base. 

JV) sum up this section, vve may regard three other points ii* 
cicada head morphology as settled : — 

(2) That the sclerite on each side, which we have called the 
lornm, is a part of the gena, and is neither a lateral development 
of the cly[)eal region, as Muir and Kershaw (191H>, p. 78) 
believ^ed, nor the sole remains of the functionless mandible (Smith, 
1892), noryet a mamUbular sclerite (I^leek, Marlatt, and others). 
In this interpretation Muir, according to his latest paper (1926), 
agrees with Snodgrass. 

(3) That tlie maxi llae are represen t-ed on each side by a basal 
plate wliich becomes more or less fused with the head-wipsule, and 
a distal seta whicl\ with its fellow forms the second or inner pair 
of rostral setre. This follows from the einbryological work of 
Heyinons and of Muir and Kershaw, and ns Snodgrass (1921 

p. 8) has said, must be accepted until newembryological ev idence 
is adduced to the contrary. 

(4) “ All writers, except Smith, writes Snodgmss^ “ agree 
that the labium of the adult is forme*! from the fused labial 
appendages of the embryo.” Muir would call the basal segment 
in cicada tiie mentunu the second, which is somewhat swollen, 
the palpiger'^ and the third the ligida, Berleso (1909 ) terms the 
same segments snhmentum^ mentumy and lohiy while Marlatt 
(1895) calls tliem aiihmentum, vientunif Ugvla* 

cL Thohax and its Appendages. 
a. Thorax, 

As in so many other characters, there is considerable 
homogeneity in thoracic structure throughout the family. A 
noticeable feature is the greatly enlarged mesotborax and 
especially its notum, doubtless associated with the very stout and 
powerful fore* wings or tegmina. In the nymph, on the other 
hand, the prothorax, carrying the musculature of the strong 
fossorial fore^legs, is much the largest of the thoracic segments ; 
and such is the condition in the imago of wnere the 

hypertrophied pronotum (text-fig. 8) overshadows the much 
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Text-figure 7. 



Mtlamp$aHa muta (Fabr.)* Thoracic nota. 
p.» pronotam ; «#., metaonotain ; metanotum; ca., craciform elevatio» 
(acntellnm). 


Text-figure 8, 



Tetti^areta erinita Diat. Himd and nota showing the tremendously enlarged 
pronotum. 

ndncmd zaMon^m. In this primitiv« form the tc^fnuiui ars 
far waakar, vithoat that mas^g of veins on the fore-border so 
ohacarteristis of *11 otiher ftioadaSk In tirese latter, however, the 
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pronotum is the second largest of the thoracic segments (text- 
fig. 7, p.). 

The only worker to deal especially with thoracic structure in 
Oicadidse is Taylor (L. H., 1918) who used Tihicen linrtei S. & 
G. {Cicada tihicen nec L.)and Cryptotympana epithesia Dist. 

Berlese (1909) gives considerable details. 

Our description and figures are based largely on Melampsalta 
cingulata and M, muta. 

Three pairs of small, free, cervical sclerites are present. 

In the protliorax the notum is curved down considerably 
latei*ally. The surface is marked with deep grooves associated 
with muscle insertions, though Taylor would regard them as 
division marks for a triangular prescutum, a scutum narrow 
mesally and wider as it approaches the pleuron, and a scutellum. 
We believe tliis to be entirely fanciful, as, indeed, Crampton * has 
indicated in Dissosteira (p. 350) when he says that the sulci of 
the pronotum divide the surface into areas which have been very 
incorrectly identified as preecatuvn^ acwtum^ etc., although they 
are purely secondary structures having no connection with the 
typical notal subdivisions of the wing-bearing segments. 

The pleuron of the pix>thorax is greatly reduced and practically 
fused with the notum. The fusion concerns chiefly the epinieroni 
while the episternum is more reduced. 

The prosternum is represented by a single plate beanng the 
well-developed furca of the endoskeleton. The plate may be 
regarded as a fused eusternum and sbernellum. 

The mesothorax, as we have seen, is the largest division of the 
thorax. The anterior part of its notum projects beneath the 
pronotum almost to the occiput, and this part has been distin- 
guished by Taylor as the antenor phragma {prophragma of 
Berlese). The prescutum is only indefinitely marked oflf by 
sutures beginning along the outer edges of the dark obeonical 
marks which form an almost constant feature of cicada markings 
(text-fig. 7). These correspond to muscle insertions. The 
greater part of the notum is occupied by the scutum, but the 
scutellum is sharply differentiated as the cruciform elevation of 
taxonomists (cs). The posterior edge of the scutellum runs down 
laterally to give insertion to the axillary cord of the tegmen. 
The scutellum entirely hides from dorsal view the strongly- 
ohitinized post-scutellum or post-notum, which forms a shelf 
beneath it. The post-scutellum is joined to the epimeron by a 
narrow bridge (text-fig. 9, poa.) called by Taylor the peetcdare^ 
which is just the prolongation of the katepimeron. 

On the pleuron the pleural suture is distinct, and in addition 
there is a suture dividing the episternum into an upper anepi- 
sternum (aee,) and a lower katepistemum. The latter suture is 
continuous posteriorly across the pleural suture, ai^d there divides 
the epimeron in the same way, a condition said to be peeuliar to 

• "The Thoracic Sclcritof of the OrMihopper, mrolimaf* Ann. Bal* 

Sbc* Am. xi. pp. 347-S6S, pi. 82. text-fig. (1918). 
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the OicadidsD. At the lower extremity of the pleural suture the 
*ooxal region shows a distinct posterior meron {me.) and true 
coxa(c.). In Grypiotympana Taylor found tliat a median portion 
was marked off on the episternum between what we have called 
anepistemum and IcatepiBterrmm respectively, and this tripartite 
condition recurs in Melampealta (ms.). It will be interesting to 
study its occurrence throughout the family. 

In the mesosternum of Melampsalta B.ea&tern\xmov basisternite 
(e,) and a sterncllum or furcasternite are to be distinguished. 
The inviigination in the latter to form the furca presents 
externally a deep and wide mouth. The trochantin (text-fig. 9, 
tn.) is nor»na1. 


Text-figure 9, 



Melampgalta terieea (Wk.). Met^opleuron. 

Auepiatemuiu ; aom., anepitneroti ; im«., median division of episternum; 
e., eufteniam ; tn., trochantin ; e., true coxa ; kt., katepistemum ; 

katepimoron ; me., meron; poa., poatalare; rp. 2, second spiracle. 

The metathorax is extremely short, especially dorsally, where 
the whole notum is reduced to a narrow baud behind the 

scutellum of the mesonotiim. The posterior edge runs down 
laterally to the axillary cord of the hind wing. 

In Taylor’s two species and in Melampsalta the pleuron shows 
a distinct pleuml suture dividing off an anterior episternum (es.) 
a.nd a posterior epitnerou (em.), both of which remain undivided 
further (text-fig. 10). Taylor (p, 232) writes : — 

The epimeron of the female is large and rectangular. In 
the male a broad lobe, called sometimes the operculum, extends 
backward from the epimeron and sternum 

We believe that the operculum is purely epimeral. In 
JSejfimMlicim it may be seen distinctly to curve round the posterior 

26 ^ 
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margin of the sternum, towards its fellow. Moreover, the sternum 
has a distinct process of its own to which the folded membrane 
is attached. We shall discuss these structures in more detail in 
connection with the rest of the sound-producing apparatus. 

The metasternum shows a eusternum (text-fig. 10, s.) and a 
sternellum (s^.). The trochantin occupies its usual anterior 
position and must not he confused, as is so often done, 

with the meracanthus {me,) of Fieber, which is a spur arising 
from the meron. 

Thoracic JElndockeXeton, — The furca of the protborax is very 
strongly developed, the others less so. The chief peculiarity of 
the endoskeleton is tl\e great development of the mesophragma, 
giving insertion to the great lateral muscles of the mesothorax 
{costM-dorsali of Berlese). This phragraa is called by Berlese 
the 'preclamcola del metanoto. But it seems to us to arise 


Text-figure 10. 



Me1amp$aUa muta. Female : metasterimm etc. 

^.jbasisteruite (eusternum); jo#., pleural suture ; wc., meracanthus ; M.,epistcrnum ; 
em.f epimeron ; op,, operculum ; ot,, sternellum ; c,, coxa; tn,, troohantiii. 


distinctly from the postnotum of the mesothorax, and thus to be 
a postphragma of that segment. Taylor (p. 230), with views 
evidently coloured by Berlese, writes of the post-scutellum or 
post*notum as fused with the anterior phragma of the meta- 
thorax/’ but gives no evidence that the phragma in question 
belongs to the metathorax rather than to the mesothorax. We 
may, of course, beg the question by admitting that in the last 
analysis, since a phragma is a plate invaginating between segments, 
it belongs to neither. But Orampton, in his work above cited on 
Dissosteira, makes the definite statement (p. 354) that the 
post-scutellum of the metathorax beare a phragma for the attach- 
ment of the longitudinal muscles arching the notum in the 
movements of flight ; and similarly, in an earlier paper “ The 
posterior plate .... or post-scutellum usually consists of an 
external region bearing an internal phragma.’’ 

Imms, nmreover (1925, p. 47), would appear to hold the same 

e O. C. Crsmptoa, Zoologitoh. Anzsiger, xliv. p. 60 (1914). 
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opinion. We therefore name as mesophragma the great plate 
which cuts off the whole of the fore-part of the bod> from the 
metathorax and abdomen, leaving a narrow perpendicular slit 
for the passage of the viscera and nerves. 

Helatiomhipa , — The tripartite mesobhoracic episteriium is 
coiisideiod by Taylor a neiiropteroid character. Crampton has 
also useil thoracic structure as an argument for neuro[)teroid 
relationships. Accoivling to Taylor the threefold division of the 

'rext-figure 1 1 . 



Melamp$aUa muta. Female abdomen : ventral view ; ovipositor largely disengaged. 

I.-IX., abdominal segments ; o-0, spiracles ; m., mirror (tympanum of 
chordotonal organ) ; a., auditory capsule. 


^pisternum is present also in Cicadellidfe (Jassoidea). The 
composite mesothoracic epimeron would appear to occur in no 
other Homoptera. 

jS. Lega. 

Haneen has made a detailed study of the legs (1890, trans. 
1900-1903). 

^be prothoracio legs of the Cicadas are highly characteristic 
both in the nympbal and imaginal stadia. The femora of the 
first {see later section) are much swollen and strangely modified 
for foisorial purposes; those of the second (teit^fig., 15) are 
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enlarged almost as much, and furnished ventrally usually with- 
three stout spines, directed somewhat obliquely. The trochantins,- 
as we have seen, are distinct, the coxte very long, with a con- 
siderable distal portioii.free. The interior angles of articulation 
are at a considerable distance from the insect’s middle plane 
(Hansen). The trochanters are thick with a very oblique 
femoral articulation, producing a see-saw movement. 

Text-figure 12. 



Melampsalta muta. Male : front view of right fourth spiracle, 
w., mirror; a., auditory capsule. 


The second and third pairs of legs are unspecialized, showing 
a probably primitive simplicity. In the second pair coxae are 
moderately short and broad, and situated near the middle plane. 
Their principal movement is rotary (Hansen). There is no true 
mera can thus, but the meron is well developed. 

In the third pair the coxae, according to Hansen, are the* 


Text-figure 13. 



Melampsalta muta, Male ; lateral view of parte of aegmeuts VII,-JX. to eliow 
position of tenth (and last) apiracle. 


•implest in the Auchenorrbyncha. They are contiguous in the 
middle plane and articulated in a pagiopodous manner, t. e. only 
a hinge-movement is possible. The meracanthus is usually Well 
developed. 

The tarsi are usually three-segmented as in all otb^ Aut^enor- 
rhyncha, but Cicadid® differ in lacking any empodial formation. 
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The claws are two — equal, stout, and simple. Those of the 
nymphs, as first indicated, but not described, by Hansen 
(transl. 1901, p. 151), are very different from those of the adult. 
In the Tiniversal habit of cicadas to rest habitually in a 
perpendicular position, whether the support be trees, herbs, or 


Text-figure 14. 



Mdamptalta muta. Female : ventral view of base of abdomen. 
a/».4, fourth ipiracle; S.I., firnt aMomiiml aternite; S.II., second ditto, 

rocks, we may see an explanation of the powerful fore-legs. The 
attitude is largely a suspensory one, in which the second and 
third pairs take little part, most of the weight fnlling on the 
prathoracic pairs. A similar condition occurs in certain moths. 


Text-figure 15. 



M^ricea, Fore teinur, inner view, 
y. The Wings. 

Ohabrier (1822), Amans (1885, 1915), and Imhof (1901, 1905)^ 
also Haupt (1913), have devoted considerable study to cicada 
wing-structure from the viewpoint of the mechanics of flight. 
Comstock and Needham (1898), in their first classic attempt to 
homologise the wing-veins in all the orders, studied cicada 
venation in detail and ascertained its condition in the nymphal 
wing* Their interpretation, with the Tillyard modifications, has 
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been adopted in this papei\ Woodworth (1906) dealt more or 
less incidentally with cicada venation, and drew attention to the 
nodal line, missed by Comstock and Needham (at least in text), 
but considered at grejiter length by HorvAth (1913) in a paper 
which introduces several divergences from the Comstock-Needham 
interpretation. Berlese ( 1 909) pays considerable attention to the 
axillary sclerites. 

The first taxonomic division of the family was based, unsuccess- 
fully as events have proved, on the wing- venation, while later 
workers have used it for geneiic separation, 

Comstocks latest account (1918) is apparently identical with 
that of Comstock and Needham's original contribution, while 
Moulton’s account ( 1923 ) and figure follow Horvath. Comstock*8 


Text- figure 16. 


I a lu. \v. 



Melamjttalta sericea. Lateral view of male abdomen. 
l.-X., abdominal segments ; /m., folded membrane. 


type was Tihicen ; ours will be chiefly Melampsalta nmtUj with 
which we have attempted to compare other members of the 
family. Text-figs. 49, 50, and 53 are to the same scale, while 48 
and 54 are more enlarged. 

i. Tracheation. 

A tiansverse basal trachea exists between the costo-radial and 
the cubito-anal groups of pre-venational trachece in the developing 
wing-bas^. In this respect cicadas are less primitive than 
Membracidffi, Cercopidas, and some at least of the Cicadellidce, 
where the basal connection is absent — a condition that exists 
nowhere else according to Comstock (1918, p. 275), but in 
Plecoptera and certain Blattids. Comstock has shown that when 
this transverse basal trachea is present the medial trachea tends 
to migrate along it towards the orbit- anal group. This is well 
shown in cicadas, and reaches an extreme in those cases where 
the M and Cu are united in a common stalk a considerable 
distance after entering the t^men (text-figs. 48» 49 ; 60, 66). 
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The tracbeatioii is of the simple type, in which only the 
principal veins are represented by pre-existent trachece. The 
nymphal scheme is much more primitive than the adult venation 
would lead one to suspect, and, in fact, it approaches very closely 
to the Comstock- Need ham hypothetical type. The great re- 
duction of K 1 is a striking difference. 

ii. Venatio7i, 

In the following interpretation we have followed, in company 
with Muir, Innns, Alexander, and many other workers, the 
Tillyard modification of the Comstock-Needham system, con- 
sidering the latter^s 1 A to be really Ou 2. 

Text-figure 17. 


I H 



Melampsatta muta. Male: ktertt) view of lett 8ouu<i-iipi>aiatus. 
tyiiibal ; »p. 3, tlnrd spiracle ; op.^ operculum ; a., auditory capsule; m., mirror. 


First is a description of the venation in Melampmlta mtUat».nd 
then a discussion of divergences in other members of the family. 
The orthodox abbieviations need no explanation. 

In the tegmen (text-fig, 46) there is a conspicuous massing of 
veins on the costal margin ; but the elements are distinguishable 
under magnification. Costa is very thick and coincides with the 
margin of tiie wing. Sc is fused with B, at least as far as the 
nodal furrow, whidi will engage much of our attention later. 
E t is apparently obsolete in the imago. The fate of tlie other 
btandies will be apparent from text-fig. 48 {cf. 49, 50). The 
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base of M is in close contact^ if not actually united, with the 
common Sc -fit stem until the arculus is reached. There M splits 
off to form the anterior arculus and to join Ou, by which latter 
fusion the posterior arculus, seen in more typical cicadas (e.g. 
Tlhicen^ text-fig. 55) and representing the cross- vein between M 
and Cu, is oblitemted. So far we are in accord with Comstock 
and Needham, save for the differences in the species described. 
These writers state that there is a peculiar and unparalleled 
condition in certain* insects, including cicadas, consisting in the 
fusion of 1 A with the base of Cu, so that it appears a branch of 
Cu, far separated from the common stem of 2 A and 3 A. 
Tillyard has given good reasons for considering their 1 A as Cu 2, 
thus making Cu two-branched — a far more probable explanation 

Text-figure 18. 

U I 


t- 


ms 

Metamp$alta sei'ioea. Male : lataral riaw of right lound-apparatus, with Regnienta 
•oftened and stretched to fullest extent. 

op,, cut base of operculum ; c,, metacoza ; /m., space normally covered by folded 
membrane ; ms,, metasternum ; mt,, metanotnm. Other letters as in text*Sg. 17. 

of the condition. The anal furrow lies along the conjoined 
courses of Cu 2 and 1 A. 

The venation of the hind-wing is more specialized than that of 
the tegmen, the difference depending, in Comstock's opinion, on 
the more nearly basal forking of R in the former. From this it 
results that only R 2-f 3 fuse for a considerable distance with Sc 
(R1 being completely lost), while R4+5 coalesces for a short 
distance with M. The common Sc+B>2-^3 stem is in close 
contact with 0, and in Tettigarcta (t^xt-fig. 53) seems actually 
fused with it. While M is normally only tbree^branobed, there 
occur aberrations in which exists a small remnant of cell M2t 
usually crowded out by coalescence of M 2 and H 3 as in Ottr 
figures. This venational variation is only one many which 
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occur with frequency in all genera of which 1 have seen sufficient 
material for comparison, and sucli characters should be introduced 
with great circumspection into taxonomy, even when they appear 
constant, l^wuropaalta, founded by Goding and Froggatt on such 
a venatioiial difference, 1 do not think can stand, and Bergroth 
(1911) has been critical of some of Distant^s similar characteri- 
zations. 

Applying the Tillyard correction in the hind wing, we find in 
the adult (text-fig. 54) that Cii bmnches in a U-shape right at 
the base of the wing, and the two branches become considerably 
seprated, Cu 1 dividing into Cu la and Cu 15, while Cu 2 runs 
in the anal furrow with, but really separate from, 1 A. The 

Text-figure 19. 



Magichada septendeeim (L.), Male : KOH preparation of mirror and 
a<baceiit parts, flattened out. 

fm,j folded membrane; i., inter«e({mental membrane between thorax and alxlomen ; 
I., II., abdominal sternitea; m., mirror; process to cbordotonal organ; 
f., tymbal ; tr., wing (see p. 4d6) ; a., auditory capsule. 

two remaining veins, by this interpretation, are 2 A and 3 A 
respectively, thus being avoided the anomalous attribute of four 
anal veins, or a two-branched 3 A, i*equii’ed on the Comstock 
hypothesis. The anal area is much more developed in the hind 
wing than in the fore, and folds under the corium when at rest.]^ 
Finally, both tegmen and hind wing are surrounded by a 
strong border between the ambient vein (text-fig. 48, amb.) and 
the edge ctf the wing. " 

Venaiim in the Family, — Main features, as described above in 
Mekmpmdta^ recur throughout the family, save in the subfamilies 
Tettigaretinas and Tettigadinie. 

Het^veining of the tegmen, a character on which Amyot and 
Semlle based the first classification of the family, has almost 
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■certainly arisen independently in several different branches of the 
family, and occurs to-day in several unrelated genera: — Polyneura^ 
A^igamiana, Talainga^ Hemidictyar and others. The condition, 
moreover, in such a ’ form as Folyneura^ brought about by 
excessive regular dichotomy of the longitudinal veins, differs 
greatly from the network of irregular cells found in the Hemi- 
dictyine forms. 

Lembeja (text-fig. 56) and Cystosoma show a more or less com- 
plete absence of the coriaceous border on the tegmen, the ambient 
vein coinciding with the margin, which it slightly thickens. 


Text-figiires 20 & 21. 



<rc,, ^^stigres of Vogel's radimeiitsry Abdominal coxites 1. and 11.; I.-lll. 
abdominal sternites ; jp., left member of pair of pores of unlniown fnnction ; 
fl,, flap (see text). 

Fig, 21. Poi’tion of tbo same preparation as in te«t-flg. 20, 
bot with flap turned forward. 

More fundamental difierences occur, as we have mentioned, in 
Tettigareta and in the Tettigadinee, which show between them a 
gradation leading up to the specialised condition of the dominant 
and more typical cicadas, Yenationally there is much more in 
common between Tihioen and which are separated 

as far as possible under the present classification, than there is 
between either and Tet the present scheme places 

the latter with in the same eubfamily. 

TeUiga/r^ is at the very base of the Cicadidis, and is extrentely 
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primitive in far more respects than absence of sou n<l -organs, and 
not least so in venation. 

The Tettigadinae, of which we have examined Chonosia crassi-- 
pennia (text-fig. 49) as a type, connects it, venntionalJy only, 
with the dominant gionps, and so may be described first. 

In the first place, Chonoaia shows a distinct strongly-marked 
membrane fold along the noflal line, to V^e discussed later. 

Secondly, Cu 2 lies, as usual, in the anal furrow or on the claval 
suture, but considerably distant from 1 A, both hasally and 
distally, as pointed out in the characterisation of the subfamily 
by Jacobi (1907 c). The strongly-chitinized base of the clavus at 
the point corresponding with the posterior tuberosity of Amans 


Text-figure 22. 



Melampnalta leptomera, ritini^tp female nymph : junction of thorax and 
abdomen extended to fullest extent. Lateral vievr, right side. 

mi.t metanoturn ; tp. 2, set'ond spiracle: ac., region of future auditory capsule; 
tf., region which in male develops future tymbal ; c., metacoxa. 

is said to be strongly developetl in the whole subfamily Tettiga- 
dinss, and is supposed to form a plectrum for the stridulating 
apparatus on the mesonotum (text- fig. 59). In Chonosia crassi- 
pennis I do not find that it is much moi*e pi'otuberant than in 
other Cicadidfe, and Mr. W. £. China, from experiments with a 
softened specimen of a Tettigades, expresses grave doubts as to 
whether this structui*© could be employed as a plectrum. TJn- 
fortunatdiy observations in the field are lacking* 

In THitigarcta (text-fig. 50) the whole tegmen is markedly 
eoriaocouSy the ba^l half especially so. The surface is covered 
with irregular shiny tuberoulations* The nodal line is extremely 
distinct^ as well on the membrane as on the veins themselves. 

The wial furrow is very deep, the vein Ou 2 on its floor rather 
wesiu ambient vein is normal, but the coriaceous bordei* 
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somewhat narrow. The main veins bear long hairs. Costa lies 
widely separate on the fore border of the tegmen, with a large 
costal cell between it and the Sc, R, and M group. There is thus 
practically none of that n»assin/ 0 r of the main veins on the costal 
border so noticeable in other cicadas. The strong longitudinal 
grooving of the tegmen may counterbalance the general weak- 
ness due to this lack. This folding is very conspicuous, the 
costal cell and the anal furrow being especially depressed, Cu is 
peculiar (text-fig. 50) ; it forks early, and Cu 1 goes up to join M 
at the inner end of the anterior arculus, where the prominent 
boss on the surface of the tegmen makes the course of the veins 
difficult to follow. 1 A is extremely distant from Cu 2 and is 
strongly convex, lying on the brink of the deep anal furrow. 


Text-figure 23. 



Melampsalta cingulata, Male : KOH preptration to show junction of 
abdominal tergitea and sUrnitos. 

Ill.-V., abdominal segments ; tergitet \ steriiitee ; 5-7, spiraclei. 


The cross-ridging of the tegmen (see later) is practically obsolete, 
probably owing to the coriaceous texture. The venation on the 
whole is strong, standing out in bold relief. 

The hind wing of Tetiiga/rda (text-fig. 53) shows, as usual, more 
specialization than the tegmen. The hind wings of the Oicadidm 
as a whole are mere appendages to the stronger and larger 
tegmina. Sc and R 2+3 are fused as far as the distal part of the 
wing-coupling apparatus (see later), where the common stem 
forks, appai*ently into Sc and B 2+3, so that a large additional 
cell, Sc, is formed. In conjunction with this the cross-vein r 
between R 2 + 3 and R 4+ 5 is carried vei^^ much nearer the apex 
of the wing. The cell Sc is i^ueezed out by vein coalescence in 
most other cicadas. A vestige is visible, almost bidden by the 
wing-fastener in the Tibioen eUoromera figured (tex1rfif« fil)* 



MORPHOLOGY OF THE CIOADIDiR. 


395 


The anal veins are distinctly three, arising from an apparently 
oommon base and spreading beautifully fanwise in a primitive 
fashion. Practically the whole surface of the hind wing shows 
innumerable microtrichia, which appear to be absent on the 
teginen. The coriaceous border is as in the tegmen. 

The axillary membrane in Cicadidie is well developed and fre- 
quently coloured, when it affords a good taxonomic character. It 
contains the axillary sclerites, and is bounded posteriorly by the 
axillary cord (text-figs. 50 & 59, 

The absence of Rl. — Muir (192.3, p. 217) writes: The 


Text-figure 24. 



MiM MdumptalUi tericea, Male ; external view of left auditory capsule, 
f., position of tymlial ; a., auditory capsule ; fj>. 6, fifth spiracle. 

absence of a distinct free R 1 in the adult tegmen is charac- 
teristic of most of the living Auchenorrhynchous Homopteia, 
but it is found in the Mesozoic Oicadid, Mesogereon Tillyard.” 
We have seen that the R 1 trachea occurs in the nymphal wing 
of Oicadidie, as also in that of Membiacidos. But 1 believe that 
the presence of B1 in Mesegereon is only apparent— -that it 
depends on an interpretation of Meaogerton tegmen different 
fmai that given here to the cicsada tegmen. If we compare 
Ttllyard^i figure (1921, fig. 66) of Mesogersim tegminal venation, 
not with that of a typical modern cicada, but with that 
of T^$^f0r0ki (fig« fiO), which shows an intermediate condition, 
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E in both cases is seen to end in three branches meeting 
the margin of the teginen or, rather, the coriaceous border. The 
condition in Mesogereon has necessarily been interpreted from 
adult structure only, and the first of these three branches has 
therefore naturally been called HI, as indeed would probably the 
first of the three radial branches in Teitigarcta and also in more 
typical cicadas, did we not know from the nyniphal tegmen of the 
latter that the true R 1 is lost in development. Therefore there 
is no proof that the first branch of R in the adult tegmen of 
Mesogereon is other than homologous with the first branch of R 
in modern cicadas, which we know from ontogeny is R 2, 

The questio7i of Costa , — I have followed in the foregoing the 
commonly-accepted Comstock-Needham interpretation of the 
anteriormost vein of the tegmen as C, since this view is leased on, 


Text-fijcjure 25. 



As text-fig. 24^ but viewed internally. 

m., mirror (mostly cut away) ; y)., process to chordotonal organ ; ae., auditory 
capsule; sp, 4, tracbea entering from fourth spiracle ; t., shows position of tymbal. 

and seems to accord best with, the evidence from nympbal 
tracheation in Cicadidse. 

This vein, however, may not be true 0. The recorded nympbal 
evidence in Auchenorrhyncha as a whole is conflicting, since in 
some forms the corresponding trachea seems to arise from the 
alar bridge, and in others from So, in which latter ease it is 
apparently homologous with the humeral. Muir (1923, p. 216), 
in discussing the whole question, notes with t:efer6nce to 
Fulgoroida: — 

By calling this vein the costa we are faosd by the fact 
that, in a large proportion of the fulgoiids, tibe costa vem and 
costa margin do not coincide, but the rein lies consideraldy 
within the membrane, leaving a preoostal cell or costal area. 
This is a condition recognised in no otiber order of insects.’^ 
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Similarly, Tilly ard* states: — 

“ It seems, howerer, very unlikely that any true costal vein, 
distinct from the anterior border of the wing, was ever present 
in any Panorpoid type, seeing that such a vein is absent from 
almost all known insect wings** (Italics mine.) 

Comstock has shown that 111 is completely aborted (1918, 
p. 272). It would therefore seem that if our C is Sc and our 
R-|-Sc stem thus II alone, even then the vein we have called 

Text-figure 2fi. 




a-- 


tT 


Fidioina ssmilata (Wk.). Ititernal view of male right auditory capsule. 
Arrow represents hair thrust into fourth spiracle, and through trachea which 
emerges from it; II., 111., abdominal segments; s., sternites; tergites ; 
Ut position of tymbal ; a., auditory capsule ; sp. 4, fourth spiracle ; tp* 5, fifth 
•piracte ; trachea (dorsal) arising from it and sending off a thinner ventral 
branch. 

Sc, branching ojET, at the node, to the fore-boi'der, would not be 
R 1 , but rather a cross- vein between R and Sc. But here again 
we are led into dit&culties, since, as we shall show below, Horvith 
is wrong in considenng the vein on the fore-border, distal to the 
node, as a continuation of the anteriormost vein proximal to the 
node (his and our C). It tends to be continuous with the short 
vein, which leaves the B (or B+So) stem at the node, and which 
cannot therefore be a cross- vein. 

« Free. Xdiiu. Soe. New South Wales, sliv. p. MO (1019). 

Faoo. /-oon. Boo.— 1928, No. XXVII. 27 
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HorvAth believes Comstock and Needham incorrect in stating 
that 0 terminates at the node, its place on the anterior margin 
being taken by Sc. He claims that our Sc (text-fig, 48) is really 
a continuation of 0 past the node. Viewed dorsally in Melamp* 
salta muta (text- fig. 52), C is seen distinctly to end at the node. 
Continuing its line is a piece of similar width and colour, but 
fiat or even hollow, being the edge of the tegmen along the sub- 
costa. Viewed ventrally, as Horvath suggests, this continuous 
portion anterior to Sc does look vein-like, but the convexity is 
merely the bottom of the grooved edge of the wing. Moreover, 
in the nymphal tegmen, the costal ttachea is distinctly shorter 
than that of Sc, its termination being at a point corresponding 
with the node of the adult tegmen. 


Text-figure 27. 



Melampsalta tericea. Male : back view of mirrore {m ) and t^'mbal-muaclei {tm,, 
p.f process to chordotonal organ ; a., auditory capsule. 

The costal area or precostal cell mentioned by Muir in the 
quotation above is well developed in some Cicadidee, especially in 
some of the Platypleurinae. Thus in Yanga and Pycm 

madagaacarie^tsis (text<hg. 57) there is a wide ampliation of the 
fore- Wder outside the costa.. This precostal cell is as wide as 
(Yanga) or wider than (Pgena), the true costal cell. Such 
ampliation is an element in a general secondary platyptery eon* 
siderably marked in these and related genera, and accompanied 
by the development of paranota. 

iii. The Cross^ridging. 

A striking and peculiar feature of the tegmen of Meeogerem 
and of all OicadidsB except Tetiigarcta is the presencse of numerous 
cross-ridges, especially visible in certain lights and interpreted by 
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Tillyard as archedictyal. In the PalaMDiitinidse there are 
apparently no signs of this cross-ridging, but the condition of the 
material is usually not such as to show such a character. 

Forbes (W. T. M., 1922) saw this cross-ridging in an emerging 
oicada of undetermined species. For just a few minutes it 
was perfectly distinct. The arrangement was very definite ; the 
narrow cells were filled with a series of simple evenly-spaced 
cross-veins, while in cells R, 1st M2, and M they formed a 
double series of cells alternating with each other. On the 
<;oriaceous border beyond the ambient vein they were evenly 
spaced, the regular longitudinal veins each ending opposite the 
middle of a marginal cell. Towards the costa there were two 
veins opposite each definite cell, while opposite cells M 3 and M 4 
there were three, and more posteriorly even four. The margin 
of the hind wing was similar, but the disc of the wing was not 
observed. In the cell 2 A, instead of cross-veins, there was a 


Text-figure 28. 



Melamp$aUa ierieita. Left tymbal from within to ihow attachment of mnecle. 
!>/., terminal plate of' tymbal- muscle; its tendon ; f., tymbal. 

series of closely-spaced parallel longitudinal veins, which remained 
visible in the dried wing. 

Forbes regarded these transient veins as fugitive blood veins,’* 
and suggests they are relics of a net-veining such as occurs in 
the Neuroptera. He believes the dififerent arrangement in the 
anal region especially suggestive, as it recalls the plaited portion 
of the wing in tlie Orthoptera, where there exist numerous 
parallel longitudinal veins. 

This agrees with Tillyard’s original theory in 1916, when he 
saw in on account of these cross-ridges, an inter- 

mediate stage between Eugereon and the Palssohemiptera. 
Though Bugermn is no longer considered Hemipterous, and 
the Palieohemiptera are disjx^ed among recent groups, it stili 
remains probable that this condition is a relic of the net-veining 
of a Palmodictj^teroid or Pix>torthopteroid-Pal!eodictyopteroid 
^moestor of the H^miptera« 

27 * 
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Goureau (1843, p. 204) remarked that the cicadas are excep- 
tional in that the hind wings do not iridesce: Gadd (1908 6,. 
p. 143) very rightly contradicts him, though admitting that the 
teginina are certainly the more iridescent. The Russian author 
notices further that the iridescent wing-colours of older cicadas 
are predominantly yellowish, while those of younger ones are sky- 
blue. 


iv. The Nodal Line. 

Tins is a very remarkable structure, present to some degree in 
the tegmen of all Oicadidae and especially marked in the very 
archaic Tettigarcta and in the probably primitive Mogannia^ in 
which and in others the basal portion of the tegmen is thus 
separated as a more coriaceous and opaque part, at least super- 
ficially resembling a typically Heteropterous, e,g. Pentatomoid, 
condition. It is least developed in such a form as Melampscdta 
(text-fig. 58), but a point overlooked is that the breaks in the 
wing- veins where the nodal line crosses them are always complete,. 


Text-figure 29. 



Magicicada $$ptendecim. Malt : inner view of portions of etemites 1. and 11. 
showing the wings (lo.), which have been deeoribed as an abdominsl furca. 

even in those which are most divergent from the TettigarctaAike 
condition, Imhof has described the usual condition of the nodal 
line in 22 genera in very great detail (1905), recognizing 13 
elements, and has enumet*ated the various kinds of joints and 
folds formed in veins and membrane by its passage. We show 
some of these joints enlarged in text-figs. 51 and 52. The nodal 
line begins on the costal margin at the distinct node, where the 
fore-border, e.g. in Mdampsidta cifigulcUa^ is often towed and, 
running between the termination of C and the basal part of Be, 
cuts the Sc-f R stem. It then curves in somewhat towards the 
wing-base and breaks M 2-1-3 and M 3 + 4 in succession, running 
then down Cu 1 6 to the hind-margin (text- fig. 51), In the 
dominant modern cicadas, represented on the one hand by Tibicen 
and on the other by Melampacdiay the nodal line on the mem-^ 
brane between the veins is very indistinct, but is always visible 
if the insect be held at a certain angle. Xn those forms where 
the nodal line, as in Mogmma^ divides a basal eoriaoeotts^ often 
brightly-coloured, corium from a distal tmiis|>areiit membrane,. 
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it is, of course, very distinct. In Chonosia, where such a 
demarcation is not present (text-fig. 49), the nodal line is 
nevertheless very well marked on the membrane. Finally, in 
Tettigarcta the nodal line is extremely conspicuous, crossing not 
only the veins, but forming on the intervening membrane a deep 
groove or fold, the lips of which appear as two line parallel lines. 

Imhof {L c.) and Comstock (1918, fig.) both notice that the 
break in the veins where the nodal line crosses is not pai^ticipated 
in by the tracheie. 

Tlie nodal line is apparently not present in Mesogereon^ an<l 
its absence, coupled with that of apical cells, makes me reluctant 
to place Mesogereon in the Cicadidse as Muir would do. 

In tlie PalieontinidaB, however, both it and the node are present 


Text-figure 30. 



Melamp$alta leptomtra. Female : inner view of left half of pygophor, the anal 
segment boiled off. 

VIIl.-lX., abdominal aegments ; ateriiite ; f., tergite; r., cut edge of right 
median proceati ; 1., left anterior process ; m/>., middle piece, fused distally. 

to some degree, as evidenced by the published figures (Haase, 
Handlit'sch, 0[»peuh6itn), and by the examples studied by me in 
the Museum of Comparative Zoology. One of the latter speci- 
mens allows a distinct break in the curvature of the costal border 
of tegmen, with an inwardly curved transverse line of the same 
shape and relationships as the nodal line of cicadas, and 
apparently dividing ofif a more coriaceous basal portion. 

In the nymphs of ail recent Oicadidm examined the wing-pad 
itself shows a very distinct nodal tine in the apical third, dividing 
off a very much thicker basal two-thirds. This condition appears 
strikingly Heteropterous, 

So mueh for the facts. Their significance we believe with 
Horvith and Moulton to be great. Both these writers consider 
the nodal line* homologous with that separating cerium from 
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membrane in the Heteroptera. We have discussed its possibly 
primitive character throughout the order in a later section 
devoted to pbylogeiiy. Here we would give reasons for con- 
sidering it a highly primitive character in the CicadidsB ; — 

(1 ) It reaches its greatest development among adult cicadas 
in Tetiigarcta, which in venation, head-structui*e, absence of 
sound-organs, and in other charactei*s is the most primitive 
existing cicada. 

(2) It shows an intermediate condition in such less primitive 
forms as Gkonosia and otlier Tettigadin©. 

(3) It is least developed in those cicadas which are the most 
highly evolved in other directions, nota,bly in development of the 
sound -organs and their accessories. 

(4) It is higlily developed and strikingly Heteropteroid in the 
nymphs of even the most modern cicadas, and in all of such that 
we J\avG examined. 

(5) It definitely occurs in the most cicada-like (Tillyard) 
all the pre-Cretaceous fossils — the Pal©ontinid©. 

(6) It is definitely present in all living cicadas known, and 
therefore represents a definite tendency of the cicada stem. 

v. TJie Wing-coupling Apparatus. 

The wing-coupling arrangements are simple in the extreme. 
A recurved flange on the dorsal surface of the median |>art of the 
costal border, hind-wing, hooks in a recurved flange on the ventrnl 
surface of the hind-boider of the tegmen. The hind-wing flange 
is strengthened by the conjoined stem of 0-|-Sc-f-R 2-f 3 (text- 
fig. 51). 


e. Abdomen and its Appendages. 
a. Oensral, 

Ten distinct segments are recognizable in the cicada abdonieu 
in both sexes, and, in addition, posterior to the tenth, are two 
successive parts of the anal “segment,” which may perhaps be 
interpreted as segment XI. and a telson respectively, as Hausen 
(trausl. 1902) suggests. 

Segments I. and II. are modified extremely in the service of 
hearing and sound-production in the male, and of the former 
function alone in the female. They will be considered in greater 
detail when we come to describe tlie organs concerned. In both 
sexes, segments IX, and following are devoted largely to repro- 
ductive purposes, and will be described in connection with the 
external genitalia. 

The tergites of the ordinary abdominal segments (text-figs. 11, 
16) are greatly developed and strongly arched round the ventral 
surface. The stemites, bearing the 6th to 9%h spixades, are 
commensurately restricted. 
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There has been considerable discussion with regard to the 
lateral regions and as to the presence or absence of abdominal 
pleurites. Hansen (1902, p. 215) takes a somewhat broad band 
lying between tergite and sternite to be the pleuron. This 
consists of two parts — externally (dorsally) a conspicuous chitinous 
plate, which, except in swollen abdomens like that of Cystoaoma^ 
is separated from the tergite by a very narrow, thin, marginal 
membrane; and internally (ventrally) by a distinct, narrow, thin 
membrane between plate and sternite, again except in Cystosonia. 
Heymons (1899) gives valuable embryological evidence. He 
finds (p. 422) in the embryo very distinct and Heteropteroid 
Tergiiimtlstey which are passed on to the nymph and appear to be 
formed partly of tergite and partly of paratergite. They dis- 
appear in the adult, or ratlier become plates w^hich are separated 
from the sternite by a suture, while laterally they reach the 
shar{) body-edge (p. 424). These correspond to our under-arched 
paH of the tergite, and are seen in text-fig, 11. Heymons 
(pp. 377, 417) denies entirely that special pleurites are present in 


1’ext-figiire 31. 



Carineta form&$a (Genu.). Male ; external view of left lower pygrophoral process 
(aborted genital 8t>le of Muir), 


any Hemipterous abdomen. He finds that in embryonic develop- 
ment each sternite consists of three plates, of which he calls the 
two lateral ones purasiernitea. These are represented in the 
adult cicadas at inont by the “an das Stigma angrenzende 
Partie '' of the ventral plate (pp. 377, 423). Neither paratergites 
nor parasternites are pleural in origin, though Verhoefl[*(l^^^) 
called them resj^ectiveiy “ohere Pleuren'* aud “untereu 
Pleureu ” in various other Hemiptern. 

Vogel (1923), as we shall see in the description of sound and 
hearing-organs, recognizes (juite a consitlemble development of 
the paratergites and panisternites — more than we can follow. 

Doering (1922, pis. 59, (>2, p. 558) shows in the abdomen of 
the Oercopid, T^yronia^ large and distinct “pleura” which seem 
to correspond with most of the lateral and ventral part of the 
tergite. It ts possible site lias used the term only in the topo- 
graphical sense. 

Berlese (1909) figures no abdominal pleural structures in any 
insect, and mentions (p. 265) as the eeme of complexity Laoaze- 
Duthier’s epimerite from the tergite and episternite from the 
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stemite, evidently corresponding with Heymons’s paratergite and 
parastemite. 

Comstock (1925, p. 75) states that an abdominal segment con- 
sists typically of a tergum and a sternum united by lateral 
conjuncbivsB. Sometimes there are one or two small sclerites in 
the lateral region which are probably reduced pleura. 

Imms (1925, p. 41) states that the abdominal pleura, are 
membranous and usually without differentiated sclerites. 

We are therefore justified in interpreting the abdominal 
elements in cicada as a strongly- developed over-arched tergite 
meeting an entirely ventral sternite, which bears the spimcle. 


Text- figure 32. 



Tihicen chloromera Wk. Male : lateral view of entire anal tiegment. 

X., tentii abdominal segment ; dm., right member of pair of doreal tuuaclei ; 
rm., right member of pair of ventral muaclea ; uiicua of American taxouomietfi. 

It 18 true that there is an irregularly rectangular area at the side 
of each sternite, marked indistinctly by folds ; but the spinicle is 
definitely in the main body of the stemite (text-figs. 11,21). 
An internal view is seen in text-fig. 23. 

The chief endoskeletal structures of the abdomen ai‘e the strong 
pegs found in the latero-ventral portions of the tergites and 
shown in text-fig. 23. The structure which gives support to the 
tymbal-muscles in the male, and is regarded by many as the 
furca of the first or of the 'second abdominal segment, we shall 
see later is not endoskeletal at all, but merely the modified 
ventral wall of the segment. 

0. GenUalia* 

Whatever be the number of abdominal s^ments admitted, we 
have seen that the IXth and succeeding ones in both mtm ens 
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greatly modifie<i eitl^er directly or indirectly for reproductive 
purposes. The Vllth and Yllltb are also somewhat altered. 
Although, as we shall see later, Aristotle described copulation, it 
remained for Malpighi (1687) and Reaumur (1740) to describe in 
any detail the organs concerned. 

The descriptions which follow are based on Melampaalta spp. 

i. Male Genitalia. 

The male genitalia of Cicadidac as emphasize<l by Kershaw and 
Muir (1922) are very distinct. The Vllth sternite is large and 
produced backward (text fig. 35), its shape being a good taxonomic 
character. Whether the extension represents a development of 
the Vllth coxites is not known. The posterior border is often 
emarginate in the middle, and thus affords some slight evidence 
of primitive <luality. The backward extensioii covers the Vmse of 
the VllJth sternite (liypandriuni) as a crescentic free flap. 

The VIJIth tergite is large and curved down latero-centrally 


Text-figure 33, 



Melamptalta cingnlata. KOH preparation of anal aeginent. 

Uf interseginental membrane. 

SO as almost to form a eom[>let6 ring. The Vllltii sternite is 
large and boat-shaped and constitutes the hypandrium (text- 
fig. 35). Tliere is some evidence — slight bilobation at the tip — 
that the fused coxites enter into the composition of the hypan- 
drium. This condition is peculiar to the Oicadidte. In all other 
Anchenorrhyncha these coxites are iucorpoiuted into thepygophor 
(IX.). In tlie trough of the liypandnum the pygophor lies at 
rest. Fuukhouser ^l917) figures a himilnr plate in Membracidm, 
mod considers it “apparently the sternum of the ninth segment.’^ 
Keweli (1918) would call it the IXth sternite in cicada, but there 
is no evidence for this and much to the contrary (text-fig. 35). 

The pygophor is a strongly-chitinixed more or less cylindrical 
esse surrounding the termination of tlie gut and the genitalia. 
The whole of the dorsal a^d lateml portions are formed itom the 
IXth tergite. The ventral surface is membi^anous and of un- 
Oiitasn origin. The lateral margin beats on each side a proce^^ 
oiitirtly n^m-articttlate, which Muir and Keisbaw hotnologise 
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with the otherwise entirely lacking genital styles (text*6gs. 31, 
35). Singh-Pruthi does not agi'ee with this homology (1925), 
and we think it rather doubtful. True genital styles are present 
in Tettigarcta (Muir, hi Hit . ; Singh-Pruthi, 1925). 

In repose no portion of the pygophor extends beyond the 
bypandrium terminally, but the tergal spine — a dorso-caudal 
projection of the IXth tergite — ends the dorsal line of the 
abdomen. This tergal spine, which is the “median dorsal spine” 
of Woodworth (1888), varies specifically, and is valuable in 
taxonomy *. 

Distaliy the pygophor bears the anal segment or anal tube, 
made up chiefly of the Xth tergite. The Xth segment is pro- 
duced ventrally into a more or less wide plate, extending in 


Text-figure 34. 



Tihicen chlormnera. Internal view of left half of male pygophor. 
op,t left half of baeal opening of pygophor; lyaculatory duct; periandrial 
thiokeninge {ha^al plates of Singh-Pruthi) ; Muir'a abarted genital style ^ 
ad,f sedeagas ; t.^ tendon for left member of pair of powerful muscles. 


Melampscdta cingidata (text-fig. 35) directly caudad, but in 
M. muta and its relatives directly ventrad. Proximal ly to this 
again the edge of the anal segment bears two down ward! y- directed, 
stout, curved, non-articulate hooks which I call copulatory 
claspers (text-fig. 35). These may bo cerci — organs generally 
considered absent from the entire order, Hemiptera; they are 
appendages of the Xth segment, and thus in cicada the most 
distal, but they have lost all articulation. Crampton (1922, pi, 3. 
fig. 9) calls them “surgonopods (cerci?).*' Newell labels them 
cdm, but notes that in no Hemiptera are these organs segmented 
(1918, p. 125). Berlese (1909, fig. 347) applies the term cereu$ 

• The term pggophor is prefotmble to ppgqfsr^ hybrid oftsn «fkeoa»t«red--aad 
etill more so to the plural form of the latter, freqoeatly need. The diptorokgioil 
term hpp^p^ium is equivalent. 
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in the female to the epiproct, presently to be described, and in 
the male (fig. 399) to two smaller lateral pieces at their base. 
The copulatory hooks protect the ajdeagus, which peeps out 
between them, and they thus take the place of the absent genital 
styles. In Tibicen and related genera the copulatory hooks are 
often fused in the middle line to form the uncus of American 
taxonomists (text-fig. 32, w.). This structure when single, as in 
Tibicen chlormnem^ shows a deep groove, proximally, in ciudal 
view, marking the line of fusion. The base of each copulatory 
hook curves round and merely meets that of the opposite side^ 
forming an aperture through which the tedeagus passes to the 
exterior. This is a much more specialized Xth segment than 
that of Melampsalia ; yet the oBdeagus is very mucii simpler — 


Text -figure 35. 



MetampnaUa eingulata. KOH preparation, partially Het^tionod. 
Vll.-X., abdoniinHl : sp. lo, last spiracle (position only indicated). 

(For explanation of other lettering see text-fig. 34.) 


|K>ssibly by correlated I'eduction. In Melampsalia cauta the work 
of the uncus is performed by a strongly -curved plate which looks 
very much like one, but is distal to the true copulatory hooks 
whicii lie beneatli it, and is thus homoiogouJ! with the <lirectly 
caudal extension of segment X. already described in M cinrfulaia 
(text-fig. ^). Both tiiis and tlie true copulatory books are shown 
distinctly in lateral view in text-figs. 33 and 36 of dn^tUaia and 
of ssricea rospectively. The condition in the latter suggests that 
the second projection may possibly pertain to an Xitli segment. 
The modification of the Xth m^mmt occurs in no other Hemiptera 
(Bingh-l^athi). 

Beyond the anus and the Xth segment is a doi-sal lamina or 
epiptoet (text-^fig, 36, ep.) and a ventral one or anal style (as.). 
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The former is the telson of Doering (1922) in the Oercopidaa. 
At the base of these on each side is a rounded, sometimes sliining 
black plate which Berlese (1809, fig. 399) labels cemw, but which 
is more conceivably a podical plate from which tlie cercus has 
been lost. 

Mdsagm . — In Melampsalta this consists of a stout, basal, 
bilobate bulb, the periandriuni^ and three long distal processes 
surrounding and more or less pamllel to the penis itself. Muir 
and Kershaw (1922, p. 205) call the distal portion of the aedeagus 
the penia^ but it would seem better to restrict the term ledeagus 

Text-figure 36. 



Melampsalta eerieea. Male: anal segment camplete, soft parts stippled. 
ep*, epiproct; anal style; i., intersegmental membrane. 


to tile actual sheath. Of the three aiTiis of the ledeagus^ two are 
lateral and the tiiird median and beating distally the orificse of 
the penis. 

The periandiium arises as a thickening in the body -wall 
between the IXth and Xth segments. These thickenings (ipo/allo 
of Berlese) are called bused plutes by Singli-Prnthi (i925| p. 13^ 
and considered of vety great oiorphokigical significance. He 
would homologize them with certain distinot solerites near the 
bases of the ^deagus and the genital styles in such other 
Homoptera as OicadeUidw. This homology would eeatn to be 
entirely fanciful. Singh-Pnithi states that basal totes’’ are 
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present in Cicadin® Dist., Gsfmniin® Dist., and some Tibicininse, 
but are absent in the rest of the latter. In such forms as Tihieen 
the thickenings of the periandvinm are certainly very strongly 
developed (text-fig. 34, pc.), but it would appear that no hard-and- 
fast line can be drawn. On this basis Singh-Pruthi considers 
that the cicadas of the subfamily Platypleu rinse (Cicadinaj Dist.), 
usually believed on other counts to be the most highly evolved of 
the family, exhibit the most primitive conditions. 

In spite of its frequent complexity the Cicadid cedeagus may be 
considered relatively primitive. It shows little of that invagina- 
tion of the distal into the proximal portion characteristic of many 
other Hemiptera — c. y. Fulgoroidea and Heteroptera. It is, how- 
ever, true that Apgar (1887) has described <juite a conqtlicated 


Te.\t-figure 37. 



MelttmpsofUt Upiofnem, l.atemi view of ovipositor and related parts; anal 
tube boiled ofl*. 

ovipositor slieatbs ; ov,y ovipositor. 


endosome in tlie ssdeagus of Magiddcbda septendedm^ while in 
most cicadas the whole ®deagus occupies a somewhat internal 
{>osition, brought about by invagination of the ventiul membrane 
of the pygophor and of the intersegmental membrane between 
that and segment X. 

The chief workers on the genitalia of male Auchenorrhyneba, 
and incidentally of Cicadidss, have been Malpighi (1687), 
Bdaumur (17i0)» Dufour (1833), Newell, Heymons, Kershaw and 
Muir (1922), Muir (many papers), Lawson, Singh-Pruthi (1924, 
1925), Doering (1922). 

ii. The Female Genitalia. 

The female genitalia eonsist essentially of three pairs of appen- 
dages, frequently Imown as wdvee. These make up the ovipositor 
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and its sheaths. The central or inner pair is fused for the 
greater part of its length, forming distally a single solid piece 
(text-fig. 30, mp,) with sharp strongly -chitinized apex. The py go- 
pher is not unlike that of the male in shape (text-fig. 37, IX. ^.), 
with a longer and more tubular anal segment which lacks the 
armature of that of the male, but is otherwise essentially similar. 

The central piece formed by fusion of the inner pair acts as 
guide-piece for the outer or proximal pair which partially en- 
closes it (text-fig. 30, 2.). The three pieces are welded into a 
functionally single weapon by means of at least three pairs of 


Text-figures 38-47. 



Ventral view of ovipositor tip, left half, of species of Melampmlta : eiikg%lata 
(2 specimens), (Kirk.), erutntata (F.), Itptomera, tericMf muta, 

fuliginosa Myers, and muta vars. iubalpina (Hnds.) and eutom (Wk.). 


interlocking grooves and ridges, well shown by Marlatt in cross- 
section (1907, fig. 37). 8uch interlocking, while effectually 
preventing lateral movement of individual pieces, allows and 
indeed facilitates longitudinal sliding of the ventral or outer pair 
on the middle piece, the tip of which is sharp and hard. The 
apices of the ventral or lateral pieces (text-fig. 30, i) beyond the 
tip of their infolded portion clasping the middle piece are likewise 
blackly, heavily chitinized and furnished with a huinlwr of 
oblique cutting-edges. These are the effective instruments of 
perforation. lAwson was the first to figure these in detail lor a 
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number of species (1920, pis, 24, 25) and to claim that they are 
of considerable value in taxonomy. Nothing is more needed in 
oicada systeiiiatics to-day than some new character independent 
of male characters, but our experiences in Melampsalia (text- 
figs. 38-47) do not lead us to hope for very much from these as 
characters for specific separation. 

While the proximal portion of the whole ovipositor is protected 
latemlly if not ventral ly by the pygophor, its distal pai-t is en- 
sheathed by the third jMiir of appendages, which are less strongly 
chitinized, apically rounded, and usually hairy (text-figs, 30, 37, s.). 

AitachmeMts of Ovipositor . — The lateral pieces arise from the 
Vlllth sternum (text-fig. 37, VIII. s.), which is represented by 
two triangular scleritea largely hidden by the Vllth, which, as 
shown in text-fig. 11, abuts largely on the base of the ovipositor. 
The doi-sal basal angle (outer b.a. of Muir and Kershaw, 1922, in 

Text-figure 48. 



Mtlamptalta muta. Highlit tegmeu. 
amb., ambient vein. 

{X. 11.— 'Venation for text-fi^uref 48-59. The usual abbreviations of the Comstock- 
Needham notation emplo^^ed.) 


Cercopidce) of the lateral pieces is joined to the posterior basal 
angle of the IXth tergite as shown in text-fig. 30. The IXth 
sternum, in so far as it is chitinized, consists of a large, somewhat 
elongate, boat'shaped sderite or plate situated on each side of the 
mid-ventral line and hornologized with the orthopteroid valvifer. 
Proximally this gives rise to the middle piece, formed by the 
fusion of the inner pair of appendages, which are perfectly 
separate for some distance from l.heir origin. Distally the IXth 
sternal sclerites are continued by a membtanous area, shown 
stippled in text-fig. 80, into the two hairy appendages (s.) forming 
the ovip^tor sheath. Berlese (1909, pp, 302, 303, fig. 347 ) would 
homoJogise the latter with the jprostili of Orthoptera. 

The various names applied m taxonomic and morphological 
literature to the three paiis of gonapophyses comprised in the 
ovipositor and its sheaths are so confusing that we are impelled 
to submit a table of them. 


412 


Dfi. J. G. MY£E8 ON TUK 


saw- valves (text-6g. 30, 2.), ventral valves (Tillyard, Doeriiig), anterior, 
outer, or ventral processes (Mutr and Kershaw). 

middle piece (text-fig. 80, mp.), inner valves (Tillyard), median 
processes (Muir and Kershaw), dorsal valves (Doering). 

^.StBssheaths (text-fig. 30, #.), dorsal valves (Tillyard), posterior processes 
(Muir and Kershaw), lateral valves (Doering). 

The first wiiter to concern himself with the structure of the 
ovipositor was Aristotle, who merely notes : — 

** pariunt [Oicada'J in aruis cessantibus, excavantes asperitate 
prseacuta, quam parte habent posteriore. . . . IlisL anim.^ 
Gaza, lib. v. cap. 30. 

Malpighi (1687) gives a ventral view of the ovipositor (ii. p. 38, 
tab. xi. f. 2) showing some detail, and then proceeds to describe it 
as the male genitalia, thus : — 

“In Cicadis etiam fceminis, eadem pudendi conformatio 
imum ventris occupat: in his penis A binis constat assibus, 
quorum extremitas, pluribus eminentiis aspera, glandem B con- 
stituit ; custoditur autem vagina 0, quee et ipsa in binas aperitur 
partes non longe ab ano D.*' 

Yet on an earlier page (i. p. 129, fig. 73) be writes : — 

“In Cicadis (73) insignia magnitudims terebra extat, quam 
olim pro pene, ita deceptus, delineavi. Hujus structora mirain 
Natures sagacitatem patefacit.’’ 

Then follows a good and detailed description of the ovi{K>sitor ; 
but a passage on p. 131 still leaves it doubtful whether he really 
knew the male genitalia. 

The.se latter were considered with admirable detail and figured 
with much clearness by R^umur (1740), whose description of the 
ovipositor, more masterly than that of his great predecessoiv 
became the reference account for subsequent entomologists 
almost to the present day. 

Later workers on the structure and homology of the female 
genitalia of Auchenorrhyncha in general or of Oicadidas in par- 
ticular are Doy^re (1837a), Hyatt (1896), and He 3 rmons, Yerboefi*, 
Kershaw and Muir (1922). 

iii. Homologies of the Omitalia, 

Kershaw and Muir (1922) would homologize the genital 
appendages in the two sexes. They find the more general con- 
dition in Homoptera to be as follows. (For convenience in 
reference we have collated the synonymy) : — 
j^.Wfinterior gonapopb) tes »nppeudagft of VIll. 

»bypovtlv6B (Crsiopton). 

»geaitiil piste (Kmhsw A Muir). > Male. 

•ttfubganital plate (Siagli-Fmebi)./ 

»outer proowtet of ovipoeitor. 
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median gonapophyses ^appendages of IX. 

^tedeugus of male. 

= middle piece of ovipositor. 

^.3 posterior gonapophyses -gonocoxites of IX. (Tillyard). 

“"genital styles (K. & Muir). ^ 

^pamineres (Singh- Pruthi). I 
=ovipo8itor sheaths. 

In the cicadid female all three pairs are well represented ; 
in the male are apparently lacking, though perhaps fused in 
the hypandrium, while are practically aborted save in Tetti- 
garcta. 

Several writers, notably Doering (11)22) and Singh-Pruthi, 
have (piestioned this homology on morphological and embryo- 
logical grounds, and Muir (1925; has reviewed the evidence anew. 


Text-figjire 49. 



Chonosia cratttipennU (Wk.). Togtnen of aberrant specimen, with abnormal Cu 1. 


Tillyard, in his new general work (1926), agrees that a complete 
homology exists between the two sexes. 

While most writers agree that the posterior two pairs of gona- 
poph 3 'se 8 — the aedeagus aiid genital styles of the male and the 
inner processes and outer sheaths of the female — are homologous 
in the two sexes, Kershaw & Muir and Tillyard would appear 
to be alone in considering the anterior pair so also. The 
former have brought forward very convincing evidence for their 
view. As, however, the question can be settled only by renewed 
embryological work and by comparative studies not onl^" in 
Hemiptera but in other orders, it is outside the scope of^this 
paper and need concern us no further here. 

(2) INTERNAL ANATOKT. 

Our alcohol material being scant}^, we have been compelled to 
most of it for the elucidation of the digestive system, and^ 
with reference to the other organs, to make what incidental 
o^rvatioiis we could and collate previous references, 

Ploo, Zoot*. SOO.---1928, No. XXYIIl. 28 
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a. Nervous System. 
fit. Gemrrd, 

The chief writerM to concern themselveH with the nervous 
system and Nense-organs of CicadicisB, either especially or inci- 
dentally, were Meckel (1818) and Dufour (1833), who laid the 
foundation of so many bi*anches of Hemipterous anatomy, 
Brandt (1878), Kossi (1879-1880), Binet (1894), Berlese (1909), 
Swinton (1877 6, 1879- 1880), and Vogel (1922, 1923); Will 
(1840), Grenadier (1879). 

Meckel described in Tihicen pleheiat\\^ brain and 4 ** Knoten,'' 
the last larger. 

Dufour (pp, 264-266, separate pagination) described in Cicada 
orni L. a cephalic ganglion and two thoracic ganglia. He 
noticed that the former was produced hy a fusion of two hemi- 
spheroid lobes, the fissure separating which was only superficial. 


Text- figure 50. 



Tettigareta crinita. Tegmen. 
a9,f axillary aclarites; ax,, axillary cord. 

(N.U. — Text-figa, 48-oS arc of dittereiit tnagnidcaiiotta.) 


The anterior part jfives rise to an optic nerve on each si.le. This 
nerve, pyramicial or shortly, thickly club-shajjed, embraces the 
•ocular bulb. Anteriorly arises a trifid nerve of which the three 
branches go to the ocelli. The (esophageal ring gives rise to 
a pair of nerves for the muscles moving the head. The thoracic 
ganglia, far from leing separate and distinct as in Mpa, are 
nearly fused into one, ns in the “ Geocorises.” With difficulty 
one traces the light demarcntion of an interior ganglion. The 
ensemble of the two ganglia forms an oblong body, deeply 
situated beneath the muscle-masses wfiich fill the lower wall of the 
thorax. The anterior ganglion gives rise to four pairs of 
principal nerves, and the posterior to six. Tlie two nerve-cords 
towards their origin, are contiguous as if adherent, but in the 
abdominal cavity they separate Wore finally dividing. 

Such in brief is Dufouris century-old descriptum, and it is 
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«urprisii)^^ how little from the gross anatomical viewpoint can 
be addetl thereto to-d^y. Text- Hg. 70 shows certain rather 
striking differences in Melampaalta aerlcaa from the condition 
described by Dufour in Cicada orni. If these be confirmed they 
would go to show that there is considerable diversity in the 
family, and that Melampaalta is considerably less specialized than 
orni ill the development of the nervous system. Instead of the 
two thoracic ganglionic ma^sses distinguished with difficulty in 
orm, there are in aericea three, the foremost of which is quite 
distinct. Dufour makes no mention of a sul)-<rsopha.geal ganglion, 
which he probably confused with the brain itself. 

Remarkably little is known about the general nervous system 
of any Hemiptera, and there is but scanty material for com- 
parison. It would appear, however, that the Cicadidse are 


Text-figure 51. 

Cullr 



Tihicen chhromera, Wiit^<cou]»Iiii^ Mppaminn — piirt of hind-border of tcgnieu and 
fore-bordt»r of kind wing, in dorsal view. 
wf. 1, down fold of teginen (viewed through membrane of wing) ; 
irf, 2, upfold of bind wing. 

considerably specialized so far as the nervous system is concerned, 
although less so in some respects than the Cictideliida3(Jassoidea), 
in which, os for instance in Drmctiiacephala^ Cogan (1916, 
pi. 22. fig. 32) shows the whole central ganglionic system as 
practically one elongate mass with a small aperture for the 
cesophagus. 

Berlese finds that in some Coccids and Hetei'optera the sub- 
ceaophageal ganglion is fused with the thoracic mass. 

Binet (1894) has supplied perhaps the most thorough study of 
the subintestinal nervous system in cicadas {Cicada omi). He 
remarks fiist of all (p, 486) 

parmi tons les Insectes qne nous avons {Studies, nous avons 
trouve les cellules nerveuses les plus considerables chez la 

28 * 
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cigale; on trouve dans la region abdominale des centres 
nerveux de cet Ineecte deux cellules geantes mesurant 150 ft 
suivant leur plus grand diam^tre.” 

But Binet s greatest discovery (pp. 542, 543) concerns the 
abdominal ganglia, which, though fused with the last thoracic 
mass, are nevertheless distinguished in sections by the absence of 
crural lobes, correlated with the absence of legs in the cor- 
responding segments. The first abdominal ganglion differs from 
the succeeding ones in possessing a swelling of the dorsal lobe. 
This swelling is formed by two very distinct lobes, which are 
superadded to the dorsal lobe of the ganglion. Each of them 
occupies the externo-superior position, and they are separated by 


Text-figure 52. 

n Sic 



MeJampsalta mv(a. Part of right ti^gnien, viewed dorsally. 
n., node ; y., joints or breaks in the veins. 


a deep indentation wliere the great ganglionic cells accumulate. 
The two lobes are situated in fnmt of a ganglionic cell of 
exceptional size, which lies at the level where the crural nerves 
enter the central nervous system. A longitudinal section shows 
that each of the new lobes is situated just l>ebind the cor- 
responding metathoracic crural lobe. The vocal lobes, as Binet 
calls them, are intimately united with the dorsal lobe of the 
ganglion, which is essentially motor. They have no adherence 
to the ventral lobe, from which they remain distant for all their 
extent. Thus they differ from the crural lobes, which, situated 
laterally, in relation at once with the sensory (ventral) and motor 
(dorsal) lobe, are both sensory end motor. The vocal lobe 
“ parfl.it etre uniquement done de fonctions motnces,” 

Jt will be interesting to study the i-elations of the auditory 
nerve, discovered since Binet’s time, with the abdominal ganglion 
in question. Vogel (1923) describes it as branching from the 
abdominal strand, apparently in the llnd segment. Our material 
at present fails to settle this point. . 
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We have examined the gross anatomy of the nervous system 
in unsuitably-preserved material of Melarnpaaltamuia^ M.aericea^ 
and Carineta formosa. The V)rain is esconced on the second 
swelling of the digestive canal, just behind the dorsal dilator 
muscles of this organ. It is considerably wider than long (text- 
fig. 70, /-».). The optic nerves are huge and long, and corpora 
picdunculata lacking. Beiiese notices that the protocerebral lobes 
are small and the others still smaller. The ocellar nerves are as 
described by Dufour — their branching from the common stem 
does not occur until just below the ocelli themselves. Berlese 
hgures the brain of Tihicen plebeia (text-fig. 697), a section of 
the procerebral mass in the same insect (text-fig. 694), and also 
a section of its whole brain (Tav. VI, ii.). 


Text-figure 53. 



Tettigareta erinita, hind wing. 


The opsophageal connectives (text-fig. 70, c.) are stout and 
rather long — in Melampsidta less so than in plebeia, as figured by 
Berlese. The submsophageal ganglion is rounde<i, joined by long, 
stout, well- separated cords to the first thoracic ganglionic mass, 
which lies largely in the prothorax. This has two short, very 
stout connectives to the second thoracic mnss, which is much 
longer than broad and shows signs of two-fold origin. It lies 
wholly within the mesothorax and, in fact, does not reach the 
mesophragma. Posteriorly it passes into a superficially single 
cord which splits into two as it enters the abdomen. From the 
standpoint of gross anatomy the abdominal ganglia fused in the 
second mass are not to be distinguished. 

The sympathetic nervous system has not been studied in 
Cicadidie nor related families. 


/S. Eyes and Oeeliu 

The compound eyes have been studied in Cicada omi L. by 
Will (1840) and in Cicada grossa (?) by Orenacher (1879), 
Accoi'ding to the former, each eye in omi has 11,600 ommatidia 
(p. 11). Orenacher (p. 96) finds the eyes are of the eucone type, 
j. e., each visual element contains a true crystalline cone, in front 


418 


DB. J. G. MYERS ON THE 


of which are the nuclei of the cone^cells. The retinnla is formed 
from eight distinct elements, and the crystalline cones are very 
well developed. 

The compound eyes in Grenadier’s opinion approximate most 
closely to the Hymenopterous type and differ “ sehr betrachlich ” 
from the Heteropterons — a fact which need not occasion surprise 
when one considers how largely (Jicadidfe appear to depend upon 
their eyes* 

Their habit of dodging like a squirrel behind a branch, keeping 
it ever between themselves and the observer, is very amusing, 
and is shared also by certain Heteroptera, notably mirids. That 
the compound eyes are the chief organs involved is suggested by 
the absence of ocelli in Mirida** 


Text-figure 54. 



The ocelli are three in number and markedly red in colour. 
Beriese (1909, p. 672, fig, 840) has studied in some detail those 
of Tibicen plebeia, wdiile Link in the same year (pp. 354-J156, 
text-fig. O, Taf, 24. fig. 27) gives a more thorough-going account 
in ‘‘ Cicada condnna L.” (=* ? Cicadaira atra (OJiv.). The most 
striking feature is the presence of pigment-cells between the 
sense-cells — a characteristic of Aucbenorrhyncha. Link shows 
that these red pigment-cells are derived from the corneagen layer. 
Beriese (1909, p. 672), however, disagrees. The pigment is in 
the form of red granules, filling the cells. 

Link erroneously considered the ‘-Gattung Cicada*^ as the 
only one in the Homoptera furnished with three ocelli. 

We have seen that the ocellar nerves are bound in a common 
stem to near the ocelli. Link goes furtJier and finds that the 
branch then proceeding to the median ocellus is really double^ 
whence he speculates whether this condition is secmaidaxyy or 
denotes fusion from an original pair. Hymenoptert^ and 
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Odonata — notably insects with well-developed visual powers — 
share this arrangement with the cicjulas. 

Link repeats the well-known hypotheses that the function of 
the ocelli may be connected w'ith the need for sudden move- 
ments — since they are well developed in most jumping insects — 
or with orientation, as suggestetl by their position. 

In an insect like a cicada, with the head and prothorax almost 
immovably fixed to the rest of the body, the ocelli would certainly 
seem to complete the visual equipment so far as direction is 
concerned. The field of the great compound eyes is largely 
lateral ; the paired ocelli look directly upward, while the median 
one is often on an eminence which <lirects it forward. 

Whatever be the 1‘espective functiotjs of this rather complicated 
visual apparatus, no one who has collected cicadas will question 
the ability of the insects to use it very effectively. 


Text-figure 55. 



Tihicen chloromera, H«se of right trgmcn. 


y, Aitditori/ Organa, 

The supposed absence of auditory organs in the Cicadid® was 
fong one of the chief arguments against any sexual significance 
ill the song. To Bwinton (1877 1879, 1880) must he given the 

credit for discovering an organ to fill this lack. Unfortunately 
Swinton wrote in such an involved style, euphuistic, highly 
allusive, and abounding in long irt'elevant discussions, that he 
effectually disguised the solid scientific contribution often con- 
tained in his writings. In reading him one had always the 
impression of vapourising dilettantism ; one met never without 
surprise every additional citation indicating that be knew 
thoroughly the literature of his subject. One does not expect 
an epoch-making discovery among the amiable ramblings of an 
undated volume with such a title as ‘ Insect Variety: its propa- 
gatien end distribution/ 
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It is true that Swinton reported very briefly his investigations 
also in a scientific periodical (1879) ; but, for all that, they were 
completely ignored by all subsequent workers until practically 
the present day. The masterly and detailed description of cicada 
auditory organs by Vogel in 1923 involved their discovery anew, 
and it was not until Vogel’s work was well on the way to com- 
pletion that he found Swin ton’s long previous account. 

The first detailed descriptions of cicada sound-producing 
organs had made known the mirror —an extremely thin and 
delicate, beautifully iridescent membrane closing the cavity of 
the sound-apparatus posteriorly. In spite of at least some 
experiments to indicate the contrary, almost every observer since 
and including R<^aumur has assumed that the mirrors act as 
resonators. This will be found in every modern account of 
cicada sound -organs. Swinton’s contribution consisted in his 
recognition of the mirror as the tympanum of an auditory organ. 

Text-figure 56. 



Lembeja fatiloqua (St&l). Apical half of right tegmen. 
amb,f ambient vein. 

Swinton was purely an amateur, and could not have elucidated 
the microscopic structure of the chordontal organ itself, even had 
he seen it. He described, however, the auditory nerve, the 
thickened line on the tympanum, the spatulate process at its 
lateral extremity, and the external appearance of the auditory 
capsule. 

To Vogel alone we owe a complete account of this remarkable 
organ and its accessory structures. The mirror is seen at H 
(text-figs. 11, 17, 18, 19, 20, 27). It is an extremely fline skin, 
according to Vogel, only 5 fi thick in the middle, in two species 
of MdampsaUa studied by him. As to its origin, that is so 
wrapped up with the development of the sound-organs that we 
must consider them together when the latter are described. For 
the present we content ourselves with a brief account of the 
sound-organ as it occurs. In the lateral part of each tympanum 
is a dark thickened line (text-fig. 19, p.) which leads centrewards 
but never r^hes the middle. From the broadened latemi end 
of the thickening arises a spatulate chitinous proeess, running 
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obliquely into the auditory capsule, where it serves as an attach- 
ment surface for the sense-organ. 

The auditory capsule is a more or less hemispherical swelling (a.) 
on the ventro-lateral poi tion of the lind abdominal tergite (para- 
tergite, Vogel). Tlie luujeri contains haBmolymph and blood 
corpuscles, the last often accumidated in the angles. Where 
the capsule joins the body-wall, there are outgrowths forming 
surrounding chitinous rings and making the capsule larger and 
more nearly spheiical (text-figs. 25, 26). Only on the middle of 
the inner surface of the capsule there remains a larger oval 
opening, which is covered by thin membrane (according to Vogel, 
the wall of the tracheal sac, as he names our mesenteric sac). 
Vogel calls tfiis opening the fenestra ovalis, from analogy witli 


I'ext-figure 57. 



J\tfrn€t vutihiffasranen^H'i (Dim ), Huv«l part of left teyinen. 
am.t uuiplmtv pm'osial area. 


the vertebnite ear. On the ventral side the capsule communicates 
with the abdominal cavity by a slit overlaid by the mesenteric sac. 
This slit leads into one of the grooves formed by the sternum of 
the llnd abdominal segment (text- fig. 26). 

The actual sense-organ itself is stretched in the caixity of the 
auditory capsule, between two spring-like chitinous pieces. One 
is the spatulate process from the typanum, while the other is an 
invagination of the outer wall of the capsule, where it appears ns- 
a slit in external view (text-figs. 16, 17, 24). The spatulate 
process lies in the same plane as the tympanum, from which it 
aidses* 

The sense-organ shows all the structure of a chordotonnl organ 
in so lax as its sense-cells terminate in the usual rod-like Inxlies 
or soolopales, and are stretched by means of fibrillar diflerentiated 
bypodetm cells between two points of the cuticle. It is dis- 
tiu^isbed from* all hitimrto-ilescrihed cbonlotonal organs by 
the enoimous nnfnber#f sense^lis or seolopophores. Schwahe 
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found upwards of a 100 in tlie tympanal sense-organs of Locustids 
and Gryllids; the cicada, Meiampaalta coriaria^ studied by Vogel 
has about 1500. But the most important distinction shown in 
cicadas is that the proximal fastening point is differentiated into 
a tympanum whoso swinging is registered by the sense apparatus. 
Usually it is the distal one which is thus modified. 

Vogel speculates as to whether the scolopophores, in their 
tremendous numbers, are capable of sound -analysis in a manner 
analogous to that of the fibres of Oorti. In Melampaalta cotnaria 
they vary in length from •2“*31 mm., as compared with •04~*5 mm. 
in Man (Helmholtz). He decides that there would probably be 


Text- figure 58. 



Melampsalta muta. Portion of ri^bt tegmrn to show chief elements of nodal line. 

only a small range. If it were demonstrated it would go far to 
explain the great effect of certain sounds on cicadas and their 
indifference to others, as in Fabre's classical experiment with the 
festal cannon, which the cicadas ignored entirely. 

For the histology of the sense-organ itself we must refer to 
Vogel’s very able paper (1S2:5), There remain several accessory 
structures to mention. 

The first is a simple dorso- ventral musttle which acts as a 
iemor iymptmi. 

The second is Vogel’s great tracheal eaCf which he describes as 
abutting on the inner side of theKense organ and of the tympanum 
and acting .as a pressure-equaliser, maintaining air-pressut^ 
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equilibrium on both sides of the tympanum with which he claims 
that its wall is fused. This “trachear’ sac is 'pparently the 
mesenteric sac which we hope to deal with in a later section. 
It has been the subject of endless controversy, so o contending 
that it is pai*t of the digestive tract and others th 't it is part of 
the tracheal system. We believe that we have ccnfirmed the 
work of those who regard it as mesenteric in origin, * nd we have 
certainly found no trace of a connection witli Ihe tracheal 


Text-figure r)9. 



Ckotu>$ia erai$ijffenni$. Part of notwm and base of teginen ot male to abow the 
stridulatory organ. 

$a,f atridalating area; pronoturo ; ta., uieaonotam ; c., costa ; es., costal sclerita ; 
pt.f posterior tuberosity of tegineii ; cr., axillary cord of tegnien. 

system, nqr do we believe that its wall fuses with the auditory 
tympanum or mirror. The whole evidence is discussed in the 
section on the alimentaiy system. 

With regard to the auditory nerve, Swinton (1879, p. 81) 
traced it from a thoracic ganglioxiic mns^ to the abdomen and 
round the tymbal muscle, after which his description becomes 
oheenref The acoustic ’’ nerve is said then to form a 
ganglion ” that ** enters a groove.’* 
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According to Vogel the auditory nerve arises in the Ilnd 
abdominal segment from the two great ventral nerve-strands, 
and rises, running parallel with the body-wall, in a cbitinous 
groove dorsally to ,the sense-organ, where its fibres run one into 
the base of each sense-cell. In my poorly-preserved material 
I found a distinct nerve emerging on each side of the last 
thoracic ganglionic mass near the end, and running parallel to 
the abdominal cord. 1 followed it nearly to a cbitinous ridge 
leading up to the auditory capsule, and suspect that it is the 


Text-figure 60. 



Carinetaformosa, Ventral view of alimentary entirely schematic. 

09 ., oesophagus; suspensory ligament of mesetiterio see; /*«., filter-chamber 
(stomach) ; at., ascending intestine (mid) ; <ft., descending intestine (hind) ; 
mesenteric sac ; r«., muscular rectal sac; a., anus. 

auditory nerve. It seems vet*y improbable that it should arise 
from the abdominal strands, as Vogel seems to state. 

In the primitive Tettigarcta^ which lacks all trace of sound- 
organs, 1 have been unable to find, in the two females available, 
any signs of an auditory capsule or of a tympanum. But the 
evidence is not conclusive, since these specimens were rather 
badly attacked by ants before they came into my possession, and 
were especially damaged on the basal abdominal s^ments, which 
are, moreover, thickly covered with long hair. If, however, sdeh 
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an organ is present, it is decidedly extremely reduced. I have 
since been able to examine a male of the same species {T. crinita 
Dist.), thanks to the great kindness of Mr. F. Muir, and have 
found a very slight swelling on the venbro-lateral angle of the 
Ilnd tergite, but no external evidence tliat this is an audito 
capsule. 

2. Othe?' Sense-Organs, 

The antennas bear a number of sense-organs or, rather, 
sensilhe, usually considered (Berlese, 1909) as olfactory, although 
I am not aware of any experimental evidence in support 
of this view. TIansen (1890) vva*^ the first to describe these. 
The second (and of course also the first) segment of the antennal 
peduncle lacks these organs entirely; but on the underside of 


Text-figure 61. 



Carif^eta formoM. Male: dorsal view of anterior portion of mesenteric sac 
and related parts. 

mp., Malpij^lunn tubules. (Other lettering as in text-fig, 60.) 

the first and second segments of the flugellum tiiere i.s a large 
number (text-fig. 69). Each is a pit with a blunt conical spike 
at the bottom. Hansen distinguished two difierent kinds — some 
fairly large, wdde, and slinllow’, and others smaller and deep, the 
spikes hai’dly projecting from the orifice. A fexv of the smaller 
kind recur on the succeeding segments of the fiagellum. 

MelampsaUa sericea and Magicioada septe'ndecirn were examined 
by us. There the sensillie are very numerous ; all on the under 
surface, most on the fii'st fiagellar segment, but many also on the 
Bueoeeding ones. Less dififereuce between the tw'o kinds than 
mentioned by Hansen was seen, and the type with projecting 
spike was found on other segments than the first, especially in 
M, sericea. 
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Berlese (1909) discusses and figures the antennal sensillie in 
Tihicen plebeia (p. 620, fig. 745). 

The tip of the rostrum in both nymphs and adults is furnished 
with numerous hairs which conceivably subserve a sensory 
function. At least such an hypothesis is more probable than 
the one held as recently as i839 by Natlianiel Potter, who 
believed that moisture was absorbed through them or, rather, 
^‘exhalations of vegetable barks.’* 

h. Muscular System. 

A very detaile<l account of the musculature of 7Hbicm plebeia 
is given V^v JBeiiese (1909, Cap. 8, figs, 452, 464, 466, 481, 496— 
498) and compared with that of other types. The complexity 
of the trunk muscles in general is not dissimilar to that attained 
in Lepidoptera. 

The muscles of the mouth-parts have V)een refen ed to in the 
account of these organs, as also those of the auditory and sound- 
producing apparatus in corresponding places. 

For the general trunk muscles we refer to Berlese, as cited 

al>ove. . t 

The rect 4 il sac is strongly muscular, expelling the waste liquid 

with considerable force as a thin jet. 

The tymbal muscles form the largest and strongest pjiir of 
muscles in the cicada body. 

c. Respiratory System. 

«. ^pirades^ 

There has been much confusion concerning the number, 
position, and terminology of the spiracles, especially in Cicadidsc, 
but also in Hemiptera in general. 

Dufour (1883, p. 258) recognized in Cicada orni six pairs 
situated vent rally at the internal side of a deep longitudinal fold. 
He described these “ ostioles'* as lacking peritremes and as placed 
on small, rounded, whitish, somewhat salient spots. 

Packard*** attributes to Hemiptera and Orthoptera two (>airs 
of thoracic spiracles present on the two anterior segments. So 
far as we know, no one recently has suggested tliat the first 
spiracles belong to the prothorax. 

Landois (1867, 1874) considered spiracle (3) to be a “Schrill- 
stigma,” the efficient instrument in the song of the cicada The 
true sound-organs he considered functionless. 

Schiodte, in 1870, indicated ten pairs of spiracles in all 
Hemiptera — three tiioracic and seven abdominal, the former 
lying on the hinder edges of tlieir corresponding segments. 

Handiirscb, in 1899, from a study of the relstivs sis# of the 
spiracles and of the branching of the trftchem decided that 

e ** On the Dietribotion and Primitire Humber of Spiradea in Inaaeta/* Amer. 
^fat. viii. pp. (1874). 
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the third spiracle in Hemiptera was really the first abdominal. He 
found it in some cases on the hind border of the nietathorax, in 
others on the intersegmental membrane, and in others on the 
first ab<)oininal segment. The first abdominal segment he found 
was greatly reduced, and liad been overlooked by taxonomists, 
who had practically univeimlly called the second the first. 

Heyraons, in 1899, observed that in the nymphs of many 
species of Heteroptera the first spirncle is on tlie meso-, the 
second on the rnetathomx, and the third on the first abdominal 
segment, but in the course of development there is a movement 


Text-figure 62. 



CariMta formoBa. Female ; latero-domal view ; the stomneh slightly diRplnced. 
eutrtttice of Malpighifiii tuhule«i into whII of stomach at junction with mesenteric 
aac; fr., iioaition of tracheal knot viewed from within. (Other lettering as 
ill text-ilg. 61 .) 


forwanl, so that the first lies between the pro- and inesotborax, 
and the thii*d on the metatliorex. The first segment in the 
abdomen to show a stigma distinctly on its surface is the ti*ue 
second. 

Hansen (1902, pp. 214-216, transl.) gave the first detailed 
description of cicada spiracles, though Handlirsch had studied 
the nymplial exnvim of one form. Hansen’s results may be 
summarised as follows ; — 

1. The first spimele lies between pro- and mesothorax in the 
articular membrane. It is almost perpendicular. 

2. Occupies a similar position between meso- and metathorax. 
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3. The Hrst pair of abdominal spiracles lies on the ventral 
side of the body close to the lateral margins in a depression at 
the base of the abdomen, surrounded by solid chitin (a part of 
the metasternum), which, particularly in the male, is very thick 
and of considerable breadth. They are transverse like the 
thoracic spiracles, but somewhat shorter than these. . 

4. The second abdominal spiracle is on the underside of the 
body, facing forwards and towards the insect s middle plane. 

5~10. “ Each of the third to eighth abdominal spiracles lies in 
the sternite itself, a little behind its front margin. . 

Spiracles 4-10 inclusive are considerably smaller than the 
others, and of different structure ; they are entirely open, with an 
oval or almost circular orifice, the peritreme being a solid ring^ 
which is also furnished with a great number of hairs directed 
towards the centre of the spiracle (Hansen, l.c. p. 216). 

The condition in Melmipsalta nmta is as follows : — 

We number the spiracles consecutively in one series, owing to 
the dispute as to whether number 3 is thoracic or abdominal. 

1. As described by Hansen. The trunk entering from it is 
very large, but the spiracle itself difficult to see. Jt is very slit- 
like. 

2. (Text-figs. 9, 22, sp. 2.) This is more rounded than (1) and 
lies in the intersegmental membrane between mesothorax and 
metathorax, just below base of tegnien. 

3. (Text-tigs. 16, sp, 3, 17, 18, 22.) This is just beneath out- 
side angle of the operculum. 

4. (Text-figs. 19, 20, 22, ap, 4.) This lies in close association 
with the auditory capsule, and is seen only in facial view in the 
untreated specimen. Hansens description is gooil, except that 
the spiracle is really on segment I. (text-figs. 1 9-21 ; see later). 

5-9. As described by Hansen. These are shown in text-fig. 1 1 . 

10. This is difficult to find. It lies in the intersegmental mem- 
brane in the angle between Vlllth tergite and Vlllth sternite 
(text-figs. 13, 35), 

In Thopha saccata the 5th spimcles are covered with a white 
pruinose material, which, with their raised rims, renders them 
highly conspicuous. 

We fire now ooncei-ned with the question as to whether the 
3rd spiracle is thoracic or abdominal, as we have seen it has much 
more in common with the preceding (thoracic) ones than with 
the succeeding (abdominal). 

Yet if we accept tlm evidence of Handlirsch and of Heymons, 
confirmed and accepted by Dogs in (1908), by Hagemanu 
in Gorixa (1910), by Hoppe in NoUmeckk (1911), and by Wefel- 
scheid (1912) in Pka^ it would appear that it is abdominal in 
origin* Moreover, the latter origin is almost a logical nocjsssity 
unless we are prepared to admit a prothoracic spiracle. Hans^, 
who was the first to point out that spiracle 3 in Oieadidfe differed 
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from the thomcic type, and who also expressly stated that it is 
surrounded by solid chitin of the metasternum, yet continued to 
call it first abdominal. 

Orampton * subscribes to the theory of a forward migration of 
spiracles as described by Heymons. Snodgrass (1921, p. 403) 
refers to the spiracles lying just before the tymbals in a male 
cicada as those of the first abdominal segment. These are our 
sp. 3 (text-fig. 17). Kershaw and Muir (1922, pp. 202, 206) 
refer to the last spiracle as the eighth abdominal. 

Vogel (1923) accepts Heymons’s results and considers spiracle 3 
as now definitely placed on the metathorax. He was the first to 

Text-figure 63. 



CarinetaformoBo, Female : vantro-lataral view to show tracheal knot ou 
toriSaoe of metenteric sac, (Letterins at in text-figa. 61 and 62.) 

indicate that spiracle 4, in front of the auditory capsule, is topo- 
graphically now attached to abdominal segment I., as shown in 
our text-figs. 19, 20, and 21, but by no means obvious unless a 
KOH preparation is made* 

Finally, Mammen (1912) agrees that spiracle 3 is to be con- 
sidered fii'st abdominal. 

To avoid confusion it is best to number the spiracles consecu- 
tively in one series. Then and then only shall we know whether 
metathoraeic spiracle is meant to imply 2 or 3. 

The most det^ed description of the spiracles themselves has 
been supplied by Mammen (1912). He studied ^he nymphal 
exuviss of ^^deada gigmUea^ (os iPomponiag. Dist.) and the 
adult of H JPiatgplmtm op. from Kiautschou (piobably P. kaempferi 
(»ahr.)). 

• Ana. Eat. fioe. Amm. p. 866 (1918). 

Psoo. £oon. Soo*— 1928, Ko. XXIX. 
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In the former he found the thoracic spiracles pleural, and the 
abdominal he considered to lie on the border of sternite and para- 
sternite, in complicateci folds. In esseiitials the closing apparatus 
is similai* to that in ‘adult Platypletira, 

In the latter the first spiracle showed very interesting specializa- 
tions. The mesothorax is anteriorly produced far forward into 
the prothorax, so that the projecting hind margin of tl)e latter 
covers a more or less enclosed space (Luftraum) in which lies the 
spiracle in question. There is an intricate closing arrangement 
with a special muscle, and, in addition, a complicated system of 
hairs and bristles to prevent entrance of foreign bodies. This 
spiracle belongs to the type known as “ Visierstignien,” i. the 
spiracle has come to lie in an insinking of the intersegmental 
membrane, and this depression has taken up an oblique position 
so that the stigma does not lie directly beneath the opening of 
the pit. 


Text-figure 64* 



CariMta formota. Tracheal knot of surface of mesenteric sac imiiiediateljr 
beneath left third spiracle. External view. 

The second stigma lies between meso- and metatborax and 
belongs to Mammen’s “Deckstigraa” type, in which the fore- 
border of the spiracle forms a kind of lid which fits over the 
opening right to the hind edge, to which it may be tightly 
appressed by the contraction of a special closing muscle. Since 
this spiracle lies perpendicularly beneath the gap between two 
segments, the risk of entrance by foreign matter is great, but is 
obviated by the presence of numerous hairs and a chitinous plate 
which projects over the stigraatic opening from the fore edge of 
the metathorax. 

The abdominal stigmata in this Plaiyjdettra He laterally on 
the fore-border of each sternite, so that each is slightly overlaid 
by the posterior edge of the preceding segment. The first 
abdominal spiracle is situated under the hind edge of the meta*^ 
thorax in a complicated fold. In the abdominal segments, in 
general, the integument sinks in to form a hollow, at the bottom 
of which lies the stigmal opening. The hind wall of the hollow 
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evaginates medially as a short, plump cone for the attachment of 
the closing muscles. Further details should be studied in 
Mammen's elaborate paper with the aid of his excellent figures, 

j3. TrachecB, 

The general tracheal system has received no comprehensive 
treatment since the work of Dufour (1833), who distinguished in 
Cicada anil two kinds f)f trachea — tubular and utricular. The 
first, he said, were distributed especially to the abdominal viscera 
and were very tine. Those ramifying among the iligestive organs 
were enveloped in an adipose sheath; those in association with 
the genital system brilliant and shining. The thoracic cavity 
was said to have two moderately large trunks distributing 
branches as far as the salivary glands and the rest of the head. 


Text- figure 6.5. 



CarinHa formom. Male . dorial view of enlargpinent of (esophagus, posterior to 
true >(urkiug-pump, showing tivo pairs of dilator muscles aud their positioa 
ill relation to supra-ofsophaf^eal ganglion («.). 

Dufour describes the utricular tracbeie as, in general, small 
buUte, some globular, others of diverse shapes, more or less 
grouped, especially on the lining membi'ane of the abdomen and 
on the surface of the thoracic muscle masses. Independent of 
these small bulhe there is a large conical utricle on each side of 
the mesotliomcic cavity. 

Dufour believeil that, in general, very active insects show the 
gimtest development of utricular tracbefe. He was therefore 
surprised to find so few iu Cicadidse, with their well -developed 
motor appamtus, but explains the deficiency by ascribing to these 
insects des habitudes sddentaires.’* 

A thoroughgoing study of the whole tracheal system is much 
needed, in view of the controversy »is to whether the large 
j^bdominal sac is traclieal or mesenteric. We have referred to 

29 * 



482 


« m. J« G. MTSR8 ON THE 


this before and shall not discu5is it now, save to mention that wa 
deal with it at length with the digestive system of which we 
think it a part, and to state that in the examples examined we 
were able to establish no other connection with the tracheal 
system than that afforded by a stout, short trachea from the 
third spiracle, running at once to the immediately adjacent 
surface of the sac and there, without penetrating, forming a 
tracheal knot (text-figs. 63, 64) which breaks up into several 
branches ramifying over the wall of the sac in question. This is 


Text-figure 66. 



Carinetaformoia, Entirely schematic ionfitadinal section of posterior part of 
pharynx and anterior portion of ceiophagas. 
m$s*t dilators of second swelling of food-canal; map., dilators of pharyngeal 
snoking-pump ; /)>., frontal plate of tentorinm ; cv., cesopbagns. 

the stigma, nevertheless, with which Snodgrass (19216) and 
Vogel (1923, p. 207) believe the sac to obtain its only com- 
munication with the outside* 

Vogel (Le.) claims that the usual communicating longitudinal 
and transverse tracheae are absent in cicadas, at lea^ in the thiixi 
to eighth abdominal segments. Nevertheless, in Fidieina (teat* 
fig* 26) we are able to find a wide transverse trunk running in 
the tergal arch between the fifth spiracles (third abdominal), and 
between the members of the same pair a finer ventral trachea*. 
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From the immediately precetling spiracle a large tmehea likewise 
arises, but branching soon, it fails to form a transverse trunk 
(text-figs. 25, 26). 

The tracheie of the seventh pair of abdominal spiracles are said 
to be devoted wholly to the service of the rn 3 "cetomes, the elements 
of which are bound together into the semblance of an organ by 
their smaller branchlets. 

Tliat all the spiracles, apparently without exception, are, how- 
ever, linked up by a longitudinal trunk on each side is obvious 
from an examination of the nymphal exuvije. The connection 
between spiracles 1 and 2 is a particularly stout trachea. 

To sum up, >ve know that there are transv^erse tracheae between 
the spimcles of certain pairs, and longitudinal ones connecting 
the spiracles of each side. There is also a conical air-bladder on 
each side of the mesothoracic cavity. Further elucidation of the 
tracheal system must await the acquisition of fresh material for 
dissection. 


(L Alimestahy System. 
a. Historical Review, 

The wiilespread cliissioal belief that cictidas lived only on dew 
was based probably on the absence of any striking signs of injury 
to the plants frequented b}’ these insects, and partly no doubt on 
the lack of anj^thiug which tlje unskilled observer could recognize 
aa an effective mouth. 

The first name iissociated with an actual dissection of the 
cicada digestive system is one which “every schoolboy knows.” 
Meckel, in 1808, gave a surprisingly detailed description and 
figure of conditions in Tihicen plebeia. He stated that the whole 
canal was at least ten times the length of the body. He distin- 
guisheti msophagus, stomach, “ einen a us diesem eutspringenden 
und in ihn zuruckkehrenden langen Kanal,’’ a long thin and a 
short thick intestine. The mesenteric sac is shown in its correct 
relationship, but the true intestine runs out of the cesophagus — 
probably he ruptured the thinner part of the stomach. The 
salivary glands were explained thus : — “ Es sind oflfenbar Organe, 
die eine ITeuchiigkeit absondern, welche derCigale das Anbehren 
des Holzes erleichtert.” (p. 3.) 

The next worker was Ramdohr (1809, 1811), who largely 
followed Meckel so far as cicada anatomy was concerned, but 
appears to have discovered the suspensory ** ligament of the 
anterior projection of the mesenteric sac. This, however, seemed 
to him so anomalous that he regarded it “comme un tissu 
accidental et cotitre nature.” (Dufour, 1825, p. 161.) 

Marcel de Sen es (1813) added little save the statement that the 
Malpighian tubules entered an enlarged part of the cesophagus. 

With his great countryman Dufour, however, it was far other- 
wise, This observer laid the foundation for a knowledge of the 
internal anatomy not only in Hemipteia, but also in several otiier 
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insect orders. In 1825 he described tho main parts of the 
digestive system with great clarity, and claimed that “les 
Cicadaires sent jusqu’ii ce jour les seuls insectes ou ce ligament 
suspenseur [of the mesenteric sac] existe.” (p, Idl*) He ex- 
plained this latter as due largely to the habitual vertical position 
of these insects. In 1833 he published an amended account of 
the digestive system in Cicada orni. Perhaps the one point on 
which he was mistaken lay in supposing that the “ intestiniform 
tube ” in ascending opened into the cavity of the stomach rather 
than coursed merely in its walls. 

The fact of the latter condition was established by Doy^re in 
1839 in a paper criticising Dufour’s work and claiming, further^ 
that the latter was incorrect in describing four Malpighian 
tubules since there were only two. 

To this Dufour (1839) replied, accepting very gracefully the 
correction concerning the filter-chamber, but re-assertirg his 
belief that there are four Malpighian tubules, in which cf course 
he is abundantly confirmed. 


Text-figure G7. 



Melamptalta leptomera. Salivary pump, 
a., lateral view of whole organ from left; ventral view of 
entrance of salivary duct. 


Lubbock (1859) described the “internal gland " of Ooccids. 

Later workers on cicadnn splanchnology have been Schindler 
(1878), Nassonow (1899), Quaintance (1902), Gadd (1902, 1910), 
Hargitt (1903, 1923), Licent (1911a, 19115, 1912), Berlese 
(1909), Kershaw (1913, 1914), Hickernell (1920, 1923), Snodgrass 
(1921 5). Gadd’s paper (1910) is of great value in that it gives 
comparative data on eiglit species in the genera IHbieen, Cicaday 
Cicadatra^ and Mdavqmilia, 

Burnett (1851 ) claimed that in Magioicada aeptendeciin there 
was no trace of the digestive system in the male, Ijuter American 
entomologists, even as recent as J. B. Smith, believed that the 
gut was more or less atrophied in this species. 

Finally, there are those who, like Carus and Grabcr, interested 
primarily in the sound-producing apparatus, took the mesenteric 
eae for an air-bladder of the ti*acheal system. Apparently the 
only one who has held to this belief after dissecting the alimen- 
tary tract is Snodgrass (19216). All the other workers cited 
above have given an interpretation, vi^ith whioh^ in essentials, the 
account set out in the following pages will be found to agree* 
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General View, 

It will conduce to the clarity of the succeeding account if we 
prefix it with a sketch of the salient points of the whole digestive 
tract (text-dg. 60). 

Functionally the first part of the alimentary canal consists in 
cicadas, as in all other Ilemiptera, of an extremely fine passage 
between the closely-apposed mouth-setae, which are themselves 
enclosed in the trough -like rostrum. Soon after entering the 
head the food passage widens into a capacious and powerful 
sucking-pump, a dilated portion of the pharynx, which is suc- 
ceeded by a smaller but muscular swelling just below the entrance 
to the thoT-ax. At the posterior extremity of the thorax the 
msophagus enters the peculiar complex known first by Lubbock 
fts the internal gland (in Ooccids), but now more generally termed 


Textz-figure 6B. 



Mafficicada septendecini, 8t\Ietfc insertttl in branch (from Quaintaiice, 1902). 


the filter-chamber. The essence of this aiTangement consists in 
the zig-z«ggiMg the a.>cending part of the mid-intestine in 
close association with the attached portions of the Malpighian 
tubules in the actual walls of the anterior part of the stomach. 
By this construction it is believed that the watery constituents 
of the plant sap (Licent), or these and the surplus sugars (Berlese), 
pass directly by dialysis through the lining of the stomach and 
the walls of the intestine, and thus are carried direct by the 
rectum to the exterior ; while the more nutritious elements are 
selected to fjass by the more cii'cuitous digestive route. The 
forepart of the intestine thus forms a long and very intricately 
coiled loop which appears finally to end in the stomach, as indeed 
Dwfour originally believed it to do. The position, already com- 
plicated by the serpentine twistings of the intestines and 
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Malpighian tubules, is farther obscured in cicada by the extra- 
ordinary development of a huge, thin- walled, mesenteric sac, 
occupying most of the abdominal cavity in the male and con- 
sidered by Graber,* Snodgrass, and many others as an air-sac of 
the ti*acheal system. It is, however, a part of the stomach in 
direct communication with the cavity of the interior part of the 
latter (not merely of the filter-chamber), and gives rise at its 
own posterior extremity to the ascending mid-intestine, which, 
after many convolutions, enters the main stomach-wall near the 
junction of this main stomach with the mesenteric sac. After a 
tortuous course within the walls this tube receives the Malpighian 
tubules which have accompanied it witliin the investment of 
the stomach, then joins the posterior intestine at the anterior 
end of the stomach, which it leaves near the entrance of the 
oesophagus, and proceeds after much winding to the muscular 
rectal sac which opens to the exterior on segment X. 


Text-figure 69. 



Magicicuda $eptendecim. SensUlse of fir«t aiiteiiual flagellar legnient. 

The salivary glands appear as bunches of lobules filling the 
greater part of the head-cavity. Their deferent canals unite to 
form a single duct carrying the ^livary secretion to the salivary 
pump or syringe, wliich forces it down the smaller of the two 
maxillary channels into the piei-ced plant- tissue. The juice from 
the latter is sucked up the larger or food-canal formed by the 
close apposition of the maxillary set«. 

7 . Morphology, 
i. MotUh and its Appendages, 

The food-pas^e begins with the mouth, but it is largely an 
academic question where the mouth lies. Bugnion and Popoff 
(1911) consider it to be at the tip of the rostrum ; and functionally 
the entiunce of the tube between the apposed maxillaiy setse 
must be the mouth, even when the stylets are sunk in tissue far 
beyond the tip of the labium (text-fig. 68 ). Embxyologically tlie 
apisaiing of the stomodeenm corresponds, however, to the egress 
poie of the stylets from the head-capsule before they enter the 
As shown by Snodgrass, this is the functional 
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rolic of a very wide orifice which extends between the apposed 
edges of the epipharynx and hypopharynx. Into this mouth* 
pore opens a short, narrow tube, found by Meek to be strongly 
chitinized, which is the V)eginnii}g of the pharynx ; and to this 
same spot the efferent duct of the salivary pump, opening actually 
at the tip of the hypopharynx, delivers the salivary juices. 

ii. Pharynx, 

Following the narrow, chitinized tube is an extremely wide 
chamber lying in the boat-shaped chitinous trough formed largely 


Text-figure 70. 



Me}amp$alta Bericett. Male: doml view of chief gaufrlia of central nervous 
systam ; drawn in one plane. 

cc., common atem of ocellar ners’es ; op., optic nerve ; fe., tupra-oMophagcal ganglion ; 
c., oiHOphageai connective; 4$,^ eulxseopbageal ganglion; ganglionic 
mataee of thorax. 


by the frontal plate of the tentorium. This is the sucking-pump. 
At rest the dorsal wall, which is strongly invaginated, touches 
the floor, which is fused both in old nymphs and in adults to the 
obitinoufi substance of the fi'ontal plate, though Muir says it may 
be separated in a nymph just after ecdyais, before the chitin has 
Itardened. Thus the whole of this pharyngeal chamber, despite 
the commonly^aeeepted opinion, is membranous except for a 
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chitinous median longitudinal portion of the deeply invaginated 
dorsal wall. Here are inserted the very numerous and feathery 
muscles which are attached to the inner surface of the swollen 
frons, whose striations correspond with the attachments of these 
muscles (text-fig. 66). In the nymph of Melampsalta oingiilata^ 
and probably in others, the front is much more swollen and 
smoother than in the adult, but the striations are marked with 
lines of bristles which are used as a cleaning apparatus for the 


Text-figure 71. 



CmrinHa formoti, Male; dorsal view of dorsal vessel. 

I.-IX., abdominal segments; ao*, aorta. 

fossorial fore-limbs. Snodgrass considers this sucking-pump a 
part of the mouth-cavity and not of the true phaiynx (1927), 
He is led to this view chiefly by his belief that a true pharynx is 
always a muscle-covered organ, whereas the dilation under dis- 
cussion is membranous and chitinous, its only muscles being the 
dilators of the roof. He finds that the dilators of the mouths 
cavity are mostly attached to the clypeus in other insects. This 
would make the striated facial place, called by us the frons, really 
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the cljpeus. Meek describes tiie pharynx or sucking-pump as 
formed by two troughs, one lying within the other — a very apt 
illustration. 

The sucking-pump leads backward into a narrow tube, which, 
just above the tentorium, dilates once more to form a strongly 
muscular sac, shown by Suodgrass (1921 6, fig. 6), but apparently 


Text-figure 72. 



Carinefa formaga. Mule repiixi active organs, scmi-tlorsal view, 
right testis ; right vas deferens; ««., left vesicula serainalis; ej.y ejaculatory 
duct ; ffideaguB; ac., right accessory gland. 


missed by Meek. It was then considered by Snodgrass as a 
second bulb, but he now (1927) believes it to be the true pharynx. 
It is provided with numerous dilators of which the distribution 
is somewhat obscure (text-figs. 65, 66). Thus Snodgrass in 
MagMeada Beptmdeeim found the first dorsal dilator muscle to go 
to the neighbourhood of the median ocellus, the second to the 
dorsal ams of the tentorium, the third to the lateral parts of the 
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vertex^ and the fourth to the oocipital margin. In addition he 
saw two pairs of lateral muscles proceeding to the posterior arm 
of the tentorium. The brain was found to lie on the surface of 
the organ before th^ first dilators. This was taken as evidence 
that several anterior dilator muscles of biting-insects are here 
suppressed, since these ordinarily arise from between the bands 
of circular muscles, the absence of which in the sucking-pump 
makes Snodgrass deny its identity with the pharynx, extending 
some distance in front of the ganglion. But in the Paraguayan 
Carinetafornwsa (text-fig, 65) studied by us, while the distribu- 
tion of the dilator muscles on this second enlargement agreed in 
the main with Snodgmss’s notes on aepte^idecim, yet the brain 


Text-figure 73. 



Carineiaformosa. Female reproductive organR, ventral view, 
right ovary ; o., left oviduct ; ac., lelt accessory gland ; eo,, common oviduct; 
ap,, ipermatheca ; a«., basal portion of lelt spermatliccal gland. 


was ensconced on the surface of the swelling distinctly behind 
the roots of a group of at least two pairs of dorsal dilators. The 
posterior dorsal dilator muscles are in close relation with the 
anterior extremity of the aorta. 


iii. (JfJaophagua^ 

Behind the second enlargement, and just before entering the 
thoraxy the food-canal, now the oesophagus, makes a sudden 
downward bend so that the subcssophageal ganglion is directly 
anterior to it. Through the thorax the oesophagus, tightly en- 
closed between the great lateral muscle masses, shows little 
differentiation, although Snodgrass (1921 h) describeg and figures 
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in Magicicada septendeeim a ti*ansver86ly-corrugated distensible 
crop or proventriculus. Such a structure, if present at all, is 
very much less developed in CarinetaformoBa, 

At the entrance into the stomach is the very effective oesopha- 
geal valve. Poliowing Licent (1912) and Kershaw, we regard the 
remainder of the alimentary tract to tlie pyloric valve as 
mesenteric in origin. Ilickernell apparently does not accept 
these as landmarks, since (1920, p. 226) he states that in cicadas 
“ it is difficult to recognize the ix>undaries of the fore, mid, and 
hind guts.” In stating that the whole of the canal between the 
oesophageal valves and the pyloric valves is mesenteric in origin, 
I do not wish to claim that this portion is derived entirely from 
endoderm, but rather that it does not form part of the embryonic 
invaginations, stomodieal and proctodseal. Kershaw (1913, 


Text-figure 74. 



CarinetaformoM, Female : part of reproductive system, ventral view. 

(Lettering as in text-fig. 73.) 

p. 176) considers that in Sipf^nia acuta at least a part of this 
tract may be ectodermal in origin. The whole of the region thus 
delimited is lined with bare epithelium rather than with cliitin. 

iv. Stomaoh and FiUer^ehamber. 

At the junction of thorax and abdomen, or a little befoi'e, the 
oesophagus enters the stomach, the entmnce being guarded by a 
valve. In Carineia part of the stomach may lie even in the 
tiioracic cavity before the mesophragma. 

The stomach (text-figs. 60-^63) appeal's m a bilobed sac, called 
by Hickernell the anterior crop and by Kershaw the pouch or 
fllter-obamber. The cesophagus enters the anterior lobe slightly 
benesth and behind its anterior end (text-fig. 62). The first lobe 
is opaque, apparently muscular, and with an irregular surface. 
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while the second is rather thin-walled and spherical. By the 
position of the oesophageal valves this stomach must be considered 
part of the mesenteron, as Licent, Kershaw, and Snodgrass seem 
to agree. In some of the other Auchenorrhyncha, and especially 
the Cicadellidee (Jassoidea), the anterior chamber forms a much 
more distinct diverticulum of the stomach, and is there called by 
Licent the poche. It would seem to be homologous with the 
huge anterior diverticulum which Kershaw found to extend into 
the cephalic horn of lantern-flies and other Fulgoroids, but these 
insects differ from most of the other families of the Auchenor- 
rhyncha in lacking a filter-chamber altogether. 

The condition of the stomach in the Paraguayan Carineta 
formoaa is not (piite like that of any hitherto described species, 
but resembles nearest the figure (pi. 4. fig. 5) given by Kershaw 
(1914) of an undetermined Trinidad form. It may be best 
comprehended by reference to text-figs, 60-63. Although it 

Text-figure 75. 



Carineta formoea. An 74, but dorsal view. 

ap., apical pouch of spenuatheca ; me., muscular proximal part of spermatheca. 


curves collar-like in a very intimate manner partially around 
the anterior portion of the mesenteric sac, it does not communi- 
cate with the cavity of the latter until near its own extremity 
closely adjacent to the spot where it receives the mid -intestine 
on its way from the posterior end of the mesenteric sac. The 
coui*se of the mid- or ascending intestine in the thin wall of the 
second lobe of the stomach is relatively simple, and may be 
followed with ease from the outside ventral aspect. The four 
Malpighian tubes enter near the same spot, on the wall of the 
passage between the stomach and the mesenteric sac, but they are 
dorsal in position and run almost directly into the thick wall of 
the first psrt of the stomach, where they are immediately lost to 
sight. The course of the intestine and Malpighian tubules 
within the wall of the filter-chamber or first stomach-lobe is 
difficult to follow. Their coils are extremely thin-walled. Here 
it is that the chief arrangements of the filter-'ohamber function. 
The loops and zigzags of the intestine within the chamber are, 
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however, much less complicated and numerous in Cicadid® than 
in Cercopidae, where the peak of evolution in this matter is reached. 
Both Licent and Kershaw confirm this independently. In 
Carineta formosa the intestine keeps rather closely to the anterior 
and ventral wall of the stomach, passing, however, dorsad of, and 
anterior to, the entrance of the a;sophagus, and then curving 
round, receiving the Malpighian tubules and passing out of 
the stomach-wall as the hind or descending intestine. The 
Malpighian tubules follow a more dorsal course. 

The condition in Cicadidie is somewhat peculiar. They 

“ montrent une structure de repithelium des lacets intestinaux 
toute differente k la fois de celle des (Jercopidce et de celle des 
autres insectes du groupe. . . . Les lacets [folds of the mid- 
intestine within the filter-chamber] k cause de leur developpe- 
ment, peuvent bien filter I’eau, mais leur epithelium a I’air 
beaucoup inoins specialise dans cette function que celui de 
toutejs les autres cicadines k poche.*’ (Licent, 1912, p. 88.) 

We have considered throughout, as dissection seems to show 
and as Licent asserts, that the intestine and the Malpighian 
tubules in the filter-chamber are actually in the wall of the 
stomach between the epithelium of its lumen and the external 
muscular investment. But Kershaw (1914, p. 66) explains the 
condition differently, as follows : — 

** The zigzags of the various parts of the gut do not pierce 
the walls of the pouch in order to enter or leave it, but are 
merely enclosed Iwtween its exterior wall, the peritoneal mem- 
bmne, muscular and connective tissues sealing up their 
entrances and exits and the narrow gap or slit-like opening 
between the exterior walls of the pouch.^’ 

Hickernell (1920) expressed somewhat the same view, but the 
distinction is largely a merely verbal one, since the peritoneal 
membrane of the stomach (pouch) is, after all, a part of its invest- 
ment. The striking feature anatomically is that the membrane 
separating the very thin-walled intestinal and Malpighian filter 
ooils from the lumen of the stomach is extremely thin. 

Muir (1923, p. 213) credits all the Aucbenorrhyncha except 
the Cicadellidae and the Fulgoroidea, and all the Sternorrhyncha 
without exception, witli a filter-chamber, and dmws phylogenetic 
•conclusions therefrom, on the assumption that such a structure 
probably did not arise more than once. But Licent has shown 
that, though the filter-chamber may be physiologically similar 
throughout these groups, it differs greatly morphologically. The 
divergence between Auchenorrhyncbous and Sternorrbynchous 
conditions is especially great, as Licent remarks (1912, p. 29) : — 
11 est absolument impossible, au i>oint de vue anatomique 
d’assimiier k aucun degre, k ces formations des Coccidm, la 
poche des homopteres superieurs dans laqueile ToBSophage ni le 
rectum ne sont absolument pas engages#*’ 
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Similarly, Hickernell (1923, p. 214) aayi : — 

“Berlese (1909) describes the digestive organs of certain 
scale insects. In these insects the rectum is large and extends 
anteriorly as far as the oesophagus. This results in a knitting 
together of rectum and oesophagus, and also causes the intestine 
to describe a complete circuit of the abdominal cavity before it 
finally joins the rectum. This condition, while resembling it 
superficially, is entirely difterent from the airangement found 
in the adult cicada, since in the latter the relatively enormous 
enlargement affects the midgut, while the rectum is small.” 

Hickernell (1923) found that the filter^hamber is typically 
developed, even in the newly-hatched nymphs, a result to he 
expected from the similarity in feeding- habits throughout the 
life-histoiy ; so this condition evidently arises in the embryo. 

V. The Memiteric Sac. 

This is one of the most disputed organs of oicadan anatomy. 
By far the greater part of the abdominal cavity, often in both 
sexes, but especially in the male, is taken up by a huge thin- 
walled sac (text-fig. 60, ms.) of which the gvmtly wrinkled 
anterior portion is wedged in the V between the two large 
tymbal muscles, and is produced Into a horn extending into the 
thorax and suspended fiom the cesophagus by a tendinous lyand. 
This is the sac which Qraber (1876, pi. i. fig. 5, Be.) and Snod- 
grass (1921) claim as part of the tracheal system, while Yogel 
(1923) believes it accessory to the auditory organ ; but in the 
South Amencan Ceurinsta Jormosa I find that not only has it no 
connection with the tiacheal system, but that it also opens widely 
and definitely into the anterior part of the posterior portion of the 
stomach, thus confirming the views of Dufour, Doy^re, Nassonow, 
Gadd, Licent, Kershaw, Hnrgitt, and Hickernell. Licent calls it 
h segment conique of the dilation ventriculaire ; Kershaw refers to 
it as a sac of the midgut ; while Hickernell namee it poatmior 
crop. Snodgrass (1921, p. 403) considered that this sac, as a 
part of the tracheal system, received its air-supply directly 
through the first abdominal spiracles (sp. 3), which lie just before 
the tympana, but Hickernell (1923, p. 220) writes : — 

It is easy to be deceived as to the continuity of the lumen 
of the posterior crop with the exterior through these first 
abdominal spiracles. In gross dissections there is only the 
most delicate epithelial membrane limiting this abdominal sac 
in the region of these spiracles. ... If a specimen is allowed 
to become dry, the portion of the wall which is in front of the 
spiracular opening may easily rupture, and then there is an 
external opening in fact. Sections show that the spiracle 
opens into a very small chamber the walls of which break up 
almost immediately into a number of tracheal tubes [text- 
figs. 67, 68] which distribute themselves over the external 
surface of the posterior crop. I am therefore still inclined to 
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(jiiestioii arjy inter{)retaiioii wliicli gives this organ a l espira- 
tory function. Jt certainly becomes motlified in later life, but 
it is at all times a part of the digestive system. This condition, 
wliich is easily ol)serve<l in sections, makes unnecessary the 
postulation of any secondarily derived function on the part of 
this organ. The method of gross dissection, then, is inadequate 
to explain the conditions fotind.” 

llickerncll further notes that the interior of a tracheal sac 
should have a chitirious lining, while sections demonstrate con- 
clusively that the present organ is lined wdth epithelium, although 
in the middle j)ortion the walls become so extremely thin that 
the cells may be cuboid or even squamous instead of columnar. 

Ofir gross dissections (text-ligs. (13, 64) and ihose of Lucas 
(1887) confirm Hickerneirs results concerning the relation 
between the third s))iracleand the adjacent wall of the mesenteric 
sac. These relations aie so close that we suppose it witl)in the 
boumls of possibility for the sac thus to gain an opening with the 
exterior similar to that described by Snodgrass, lint the fact 
would nevertheless remain that the connections with the rest of 
the digestive system are primary and fumlnmental, and the 
communication of the mesenteron with the exterior through the 
body- wall direct would constitute a coiulition so anomalous that 
the proof re<juir6id to estahlisli it would be almost as rigorous a» 
that demanded by Huxley for the pi*esence of a unicorn trotting 
down tlie Strand. 

With regaivl to the extent of the sac, Hickernell found in 
extreme cases that it went back ns far as the VTth segment. In 
Carineta, in the male at least, its development is greater still. 
Hickernell ascertained that the size of the sac increases not only 
with the life of the adult insect, esj)ecially with decrease in size 
of the fat-body, but also througlmut ontogeny. In the nymph 
(1923) it is much smaller and considerably folded, with a tortuous 
lumen. In the adult male, as noted first by Hickernell, its walls 
may closely approach the actual integument on all sides, 
leaving extremely little space in the main part of the abdomen 
for the organs of circulation and reproduction, and for the i^mfuse 
coils of the intestines and Malpighian tubules, all of which, as 
SnodgrasvS puts it, are in places jamnuKl in a space no thicker 
than a piece of paper. Hickernell is inclined to homologise this 
great saccular di vertical uni with the prolongation described by 
Kerslmiv in Fiilgoroids and stated in liis earlier work to arise 
from the msopbagus. But although this latter has also been 
shown now to be of mesenteric origin, yet lx>th Kershaw (1914) 
and Licent (1912) agree in homologising it with the poche or 
filter-chamber of the columate Auchenorrh 3 nicba. There is 
certainly no doubt that the two organs are morphologically 
dissimilar in origin, though both mesenteric, but whether they 
may not serve the same function is another question. Licent 
shows in a very instructive manner that throughout the 
Peoc, Zooi. Soc.— 1928, No. XXX. 30 
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Auchenorrhyncha* the mesenteric sac increases 

in size with reduction of the filter-chamber. Thus the former is 
large in Cicadidte, where the filter-chamber is somewhat reduced, 
while in Typhlocybids, where the latter is altogether absent, the 
sac becomes simply enormous. 

vi. The Mid-intestine. 

The part of the alimentary tract now to be considered is called 
by Licent the medivitestin^ of which the free portion forms the 
houcle 7 nediintestinale or the anse mediintestinale. Snodgrass 
names it ** the tubular continuation of the stomach,” Kershaw 
simply “ midgut,” and Hickernell “ascending intestine.” 
Among the coils of intestines and Malpighian tubules coating the 
exter ior of the mesenteric sac the portions pertaining to the raid- 
intestine may be distinguished macroscopically from those of the 
Malpighian vessels by their larger calibre and smoother surface, 
and from those of the hind-intestine by their colour, as remarked 
by Dufour in 1833. Similarly, Nassonow found it crammed with 
yellowish granules. At the posterior extremity of the mesenteric 
sac is a knot of yellow tubes consisting of the first portions of the 
mid-intestine. This may be unravelled and the continuity of the 
mesenteric sac and the mid-intestine may be demonstrated, but 
the lumen of the latter is so minute that the actual communica- 
tion can be confirmed only by sectioning, as has been done by 
Hickernell, Licent, and Gadd, while Kershaw shows the same 
passage in his figures (1914, pi. 4. fig. 5). The numerous and 
-complicated yellow folds of the mid -intestine disentangle them- 
selves eventually from the intermingled fat and Malpighian 
tubes, and the distal portion enters the filter-chaml>er, as described 
in the account of that organ. 

Licent found that the mid-intestinal loop in the Cercopidse 
showed a constiiction near the end of its proximal third. Oadd 
(1902) believed that this constituted an actual stoppage, and 
regarded, therefore, the whole loop as two c»eca joined at their 
distal extremities. But Licent demonstrated histologically that 
while the two portions were different in structure and apparently 
also in function, yet the lumen was never entirely blocked at the 
constriction as stated to be the case by Gadd, Nassonow had 
earlier found the lumen continuous in the Oicadidsd, and Licent 
discovered far less histological differentation between the two 
parts in this family. Such may be regarded as a more primitive 
condition than that prevailing in the Oercopid® and most other 
columate Auchenorrhyncha. 

The mid-intestine is joined by the Malpighian tubules just 
before the pyloric valve, which in most of the Auchenorrhyncha 
is marked by an externally visible swelling, but which in 
Cicadid® seems not to have been noticed. 

* Licent persists in celling the Anchenonrhyncha “ If 

height " m^ans anything at all phylogenetically it caDHotes speeialiaation, and the 
Sternorrhynoha are very much the most highly speeialiaed of all Homoptora, albait 
it it in many respeots a specialization by reaction. 
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vii. IJhid-intestine and Rectum, 

The hind-intestine as it issues from the filter-chamber is grey, 
and easily distinguishfcible, even in its most complicated coils, 
from the bright yellow mid-intestine. In Carineta forrnoaa its 
distal extremity enters the strongly muscular, pear-shaped, rectal 
Sfic nearer the “ stalk ” of the latter than in Magicic^a septen- 
decim^ as llgureil by Snodgrass and by Ilickernell (see our text- 
fig. 60). The rectum is conlined to segments Vlll, to X. (or XI.), 
and lies very close to the dorsal integument. As Licent 
remarks ; — 

** La foi’te musculature de cette poche explique surabondam- 
ment Tenergie avec laquello les homopt^res etudies en ces 
pages projettent les goutelettes pleines qu’ils evacuent par 
1 anus en si grand abondance.” 

Nassonow describes the little twist made by the hind -intestine 
as it enters the rectal pouch. In this twist are incorporated the 
distal extremities of the Malpighian tubules. 

viii. tSalirari/ Glands and Pump. 

The first detailed description of the salivary glands in Cicadidce 
is apparently that of Ilufour (1825), amended in 183iL His 
account is remarkably accurate. 

Many wiiters have been fascinated by the salivary pump of 
ITemiptera, and since this organ shows little variation in 
essentials, their descriptions are largely applicable to Cicadidss. 

Jn 1010 Bugnion and PopoflT studied in detail the salivary 
glands of numerous representatives of the order, and concluded 
with a description of conditions in Cicada This has been 

in part confirmed by Snodgrass (1921) in Magic icada septendecim^ 
and b3'' me in Carineta formosa and in several New Zealand 
species of Melampsalta. 

The glands form whitish digitiform lobules clustered in 
bunches and filling most of the head-cavity between the muscles, 
and extend also into the prothorax. There is an anterior pair 
forming the chief gland which supplies the principal canal, and 
a posterior pair — the nccessory or aberrant gland — joined to the 
first by a short thick cord on each side. A third gland pair, 
consisting of a long filiform organ on each side with a small 
spheroid body in its course, joins the principal canal near its 
origin. There are thus, on each side, three canals meeting at 
the same place on the deep face of each principal gland. 

The principal gland exhibits two kinds of digitations — larger 
ones to the number of sixteen or twenty and white in colour, 
and smaller ones more or less transparent. Among the former, 
in Carineta we found several lobules {acini) similar in structure 
to the white ones, but deep black in colour. These were irregu- 
larly distributed among the others. 

The principal canal unites, after a very short course, with that 
ot the opposite side, and the common trunk runs to the salivary 

30 * 
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pump. In Mdampsalta kptomera (text-fig. 07) its entrance into 
the antero- ventral wall of ilie pump-cli amber is flanked by two 
short, stout, curved' transparent horns. In Cicada orni the 
debouchure is similar in position and marked by a rounded 
swelling. In Magicicada, while Meek shows it similar here also, 
Snodo-rass (1921 a, p. 0) states that the “common duct appears 
to open at the very tip of the terminal ix)int of the hypopharynx.'* 
This is surely an error. Gadd (1909, fig. 2) shows in Cicadatra 
aira a condition identical with that in Melampsalta leptomera. 

The aberrant glaml contains a score of lobules similar to those 
of the principal gland, but a little larger, more transparent, and 
easier to isolate. The cord joining it to the principal gland has 
an opaque covering, formed largely of tracheic (Bugnion & 
Popoff). 

The filiform organ is a very fine and delicate tube, in omi 
about 20 mm. long. Beginning wdth a free, rounded, blind 
extremity it makes many turnings behind the head and then joins 
the principal gland at its origin. Composed of the two distinct 
segments, it shows in its distal part a relatively wide tube witli 
thick walls, furnished internally with cells badly delimite<l and 
difficult to distinguish (B. & P.). The proximal segment, 
much shorter, has a chitinous canal surrounded by a thin invest- 
ment like that of the (jollecting canals in germral. At the 
junction of the two segments is a small rosette containing some 
atrophied glandular lobules. Bugnion and Popoff consiiler that 
this peculiar aberrant glandy discovered by Dufonr in 1825, takes 
the place of the great abdominal salivary gland of “ Fulgoni.^’ 

The salivary pump is a tiny but tough chitinous cylinder 
or elongate bell of tnuisparent material lying beneath the 
trough-like frontal plate. The piston or plunger (text-fig. 67), 
striated deeply hut sparingly in both Mdawpsalta leptoinera 
and Cicada orni (B. P.), is darker in colour. The pump 

anteriorly* continues into a narrow heavily-chitinized tube 
opening near the mouth-pore. Posteriorly the shaft of the 
plunger expands into two branches, each serving for the insertion 
of a wide and powerful protractor muscle. 

Muir and Kershaw (191 1, p. 79) have shown tliat the salivary 
pump is a differentiated part of the common salivary duct, from 
which it arises in the embryo. 

As regards the histological structure, Bugnion and Popoff found 
that the glandular d igi tat ious show an external cuticle supporting 
trache®, and in the interior a greyish cytoplasm without distinct 
cell-liinits, and a branched nucleus. There is, to all appefmmces, 
a single nucleus or acinus in .spite of its relatively large dimen- 
sions. The presence of fbese ramified nuclei gives to fresh pieces 
in saline a peculiar aspect ; the terminal nuclear branches being a 
little dilated, one sees in each lobule a great number of small 
swelliuga joined to one another by straight bridges. Finally, 

♦ In the hypothetical position, with the head of the insect porrect. Perhaps 
“ eephalad" would be a clearer term. 
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above the great rami tied nucleus there are ainall multiple nuclei 
situated at the surface of the acinus and pertaining to the 
small flat cells just beneath the cuticle and concerned in its 
production. 

Although ramified nuclei of the kind described in Cicada are 
characteristic of insect salivary glands in general, yet the Gym- 
nocerate Ileberoptera, studied by Biignion and Popoff, show only 
simple oval or rounded nuclei in the salivary acini. This is a 
gi-eat divergence withiii the same order, and one would be 
interested to see how widely it extends. 

liugnion and Pojiofl’s remarks on the phylogenetic development 
of the Hemipterous salivary glands are to he largely discounted 
by the fact that they regard the highly-specialized Aphididsp as 
h*vver forms, and SfH‘k to derive the condition in Cicada, FuUjora^ 
an<l the lleteroptera. from that in Aphides. The latter may 
have retainetl a primitive condition in this respect, but there 
must he no a priori assumption that such is the case. 

Gadd’s work on Tihicpti pleheia. Cicada orni, Cicmlatra atra^ 
(\ hifuliaa, ami Mfdampsalla montana seems to agree largely 
with that of Ihignion and Popofi’. 


i\. ^fall‘ighiaa Tahules. 

In the Cicadidte the relationships ami even the number of the 
]SIal[>ighiaii tubules are more obscured, firstly by tlndr extreme 
length, sei‘ondly by their partu^ipatioii in the mesenteric complex 
known as the tiltfu -chMm)>er, and thirdly hy the inextricable 
mingling of their distal extremities in the final knot of the bind- 
intestine just as it enters the rectum. From this point the 
tulmles zigzag over the surface of the mesenteric sac until they 
enter the uall of tiio stomach near the entrance of the mid- 
intestine. The distal portion of the f uhules i.s much thinner than 
the prt)ximal, as sliown by Licent in Ctcada orni (1912, fig. 28), 
In the proximal porlhm, just after emergence from the filter- 
chain bei’, the nari'ow (irst part is succeeded by a very short, 
smooth, rather swollen section, apparently homologous with a 
more noticeable swelling, greatly developed in (Jercopidie and 
responsible for the secretion of the viscid material, which gives 
ienticity to their foam or ** cuckoo-spit.*’ The remainder of the 
tubule is varicose. 

The Malpighian tubules are four in numl>er, but after ser- 
pentining in the filter-chamber, and just before joining the 
inid-intestine near its junction with the hind-intestine, two, 
according to Licent and to Nassonow, remain free, while the 
other two fuse into a ureter — a very unusual coudition found by 
Gatld and by Licent to occur also in the Cercopidae. But in 
Siunlgrass (19216) found that both pairs fuse, so 
that only two ureters join the intestine instead of one ureter and 
two tubules; while Kershaw (1914, pi, 4. fig, 5) shows the same 
condition very clearly in an undetennined Trinidad cicada. 
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The histology of the Malpighian tubules is considered at great 
length by Licent (1912). His masterly work should be consulted 
by all interested in the digestive system of Homoptera. An 
interesting feature is mentioned by Hickernell (1920, p. 236): — 

“ At the point where the tubules enter the ‘ internal gland ' 
there is an abrupt change in the character of their walls. 
They become thin, the nuclei decrease in size and are less 
chromatic. They retain their membranous character until they 
finally empty into the intestine near the anterior margin of 
the * internal gland,* at the junction of the ascending and 
descending intestine.” 

At the same time their lumen increases greatly in size — all of 
which is highly significant, in view of the supposed function 
of the filter-chamber. 

X. Other Annexed Glands, 

The “ excrementitious glands’* of Dufour (1833, footnote, 
p. 225) are almost certainly the mycetomes, which house sup- 
posedly symbiotic fungi. The liquid squirted from the anus, 
and derived by Dufour from these glands, is obviously ordinary 
digestive waste, expelled by the contraction of the muscular 
rectal pouch. 


5, Physiology* 

One still frequently sees it stated in entomological works that 
the rostrum is inserted into the tissues of prey, or food -plant, as 
the case may be. This is an entirely false assumption (see Myers, 
1921 c). The rostrum or labium serves solely as a sheath, or in 
some cases (Psyllids) as a manipulator, of the sette. When the 
latter are deeply inserted, tiie labium must be shortened or else 
bent back at one or more of the articulations. The former 
method occurs in cicada, where the setie are not so excessively 
longer than the rostrum. The mandibular setse apparently 
retain the whole setal organ in position in the tissues, while the 
maxillary set® form the connecting channel. In the salivary 
pump the retractor muscles of the piston draw back the organ,, 
causing saliva to enter the pump-cylinder from the duct-opening 
in the ventral wall. Thereupon the muscles relax, and the piston 
tends to return to its former position by virtue of the elasticity 
of the strongly chitinous wall. This forces the saliva down the 
smaller of the two maxillary channels, and thus into the food- 
tissue. Snodgrass (1921 a, p. 6) apparently missed this smaller 
passage, and was thus at a loss to understand that further 
pumping did not counteract the upward flow of the food-liquid. 
The function of the saliva remains still problematical; it may be 
solvent or digestive, or both. Meek (1903), following Plateau, 
considers the second function predominant. Bugnion and PopofiT 
(1908) consider that a diastase is present which dissolves cellulose 
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cell -walls and begins the digestion of starch grains. The com- 
bined effect, by whatever method, is doubtless a readier flow of 
sap. Tlie reaction of the salivary secretion, according to Plateau, 
Bugnion and PopofF, and Kershaw (Cercopidte), is alkaline. 

The sap ascends the larger of the two maxillary canals, 
under suction by the great pharyngeal pump, exercis^ by the 
action of its dorsal dilator muscles. Snodgrass finds that on 
relaxation of these muscles the anterior end of the pump closes 
first, thus ensuring the retention of the liquid ; and doubtless the 
second pharyngeal swelling, with its powerful dilators, acts in 
conjunction. The return of the dorsal wall of the pump would 
seem to take place by the elasticity of the chitinous supports and 
possibly by the chitinous dorsal rod, and not, as Muir (1926) 
suggests, by the reverse action of the dilator muscles, which 
would be hardly possible. 

So much is fairly clear. We have the sap, more or less altered, 
in the oesophagus. It enters the filter-chamber through the 
CBsophageal valve, and the problematical begins. Berlese has 
suggested for the Coccid filter-chamber — the internal gland of 
Lubbock — that by its means the water and the excess of sugars 
in the sap may soak through the walls of the coil into the rectum 
and thus toke a short cut to the anus, while the more nutritious 
matters follow, as usual, the whole course of the alimentary canal. 
Kershaw (1913, p. 177) notes that feeding the insects (in this 
case the Flatid, iSiphania) on coloured liquids “tends to confirm 
this theory, since the contents of the long loop of the midgut 
are very faintly, if at all, tinted, whilst vhe rectum is heavily 
coloureil.” But neither of these examples deals with the true 
filter-chamber of the AuchenoiThynclm, as exemplified in Cerco- 
pidoB and in a less highly-develo{>ed state in Cicadid«e. Here 
Licent (1912) has done some careful work, leading him to adopt 
Berlese^s theory for these forms also, though he found that in 
Cercopidae at least there was no evidence of sugars in the liquid 
from the rectum ; and thus he confines the action of the 
filter-chamber to the elimination of surplus water. Yet it is 
well known that the liquid excitement or honey-dew of most 
other Auchenorrhyncha is rich in sugars. Bates describes that 
of an Amazon cicada as sweetish (1863, p. 227). According to 
Licent the astonishing thing is that the folds of the mesenteron, 
in the walls of the filter-chamber, originally absorbent, reverse 
the action of their dialysing power and excrete the same water 
concurrently with the Malpighian tubules, with whose enclosed 
portions he found them in Ceixopidte to agree in the structure 
of the epithelium. Licent stresses the fact that the sap of 
plants is relatively innutritions — it must be taken in bulk. 
There is thus of necessity a rapid flow, showing itself, among 
other ways, in the copious evacuation of watery material from 
the anus in most of these forms-— an evacuation at times so 
profuse in the case of the Oeroopidse and Oic^idie as to lead to 
the belief in rain-trees,’* which water the ground beneath them. 
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Licent believes tliat digestion would be difficult were there not 
some filtering device by which the hulk of equcoiis constituents 
could be very quickly separated from tiie nutritious re- 
mainder. 

To resume, the sap entering from the oesophagus is separated 
by osmosis in the li Iter-chamber into its watery constituents, 
which, perhaps accompanied by excess sugars, pt»ss through the 
walls of the intestinal coils and straight out by the hind-intes- 
tine, and into the more nutritious matters which pass along the 
lumen of the stomach to enter the long and tortuous loop formed 
by the mesenteric sac and by tlie mid-intestine itself. This 
brings us to the function of the huge and enigmatical mesenteric 
sac. Note first that it lies posterior to the filter-chamber, and is 
thus concerned, if our theory of the latter be true, only with the 
more concentrated nutritious portion of tlie sap. Histologically, 
both Licent and Hickernell found it to be lined with digestive 
epithelium, cha.racteiize<l by “ activite secretrice et absorhante,” 
apparently not less in C^ercopida*, wliere it is of moderate size, 
than in Cicadidap, where it is very large, and in Typhiocybidpe, 
where it is simply tremendous. Were it largest in Cicadidm, one 
would perhaj)S explain such dev’elopment uk due to a function 
accessory to the auditory tympanum (mirror) as claimed by 
Vogel. Tins would then be a case slightly analogous with that 
of the Teleost swim-bladder, though in tlie Cicadid.T the sac need 
not necessarily liave lost so completely its alimentary capacity. 
But its still greater evolution in the apparently silent Tyiiho- 
cybids, in which, moreover, no atiditory organ has yet been 
described, renders a predominantly gastronomic explanation more 
logical. That tlie mesenteric sac may still receive air and thus 
act secondarily to maintain normal air-pressure on the inner 
surface of the auditory tympanum is rendered probable by the 
fact that in Cercopid nymphs, act'ording to Keishaw (1914, 
p. fi5}, 

‘‘the air, which all sucking insects doubtless inihihe in 
(juantity along with tlie li(juid foo<1, appears to pass through 
the alimentary canal and he utilized in forming the air-bubhles 
coated with mucinoid which are emitted from the anus and 
form the froth in wliicli the nymph lives. After examining 
this Cercopid, I am the more inclined to believe that , , . . the 
* food-re.servoir ’ in the head of Flata functions in part as an 
air- separator to rid tlie liquid food of superabundant air before 
it passes through the alimentary canal.’’ 

Earlier (191.?, p. 179) the same writer, discussing this food- 
reservoir after stating that its cliief function, on account of its 
secretive activity, seems to be digestive^ sayis ; — 

It also collects a quantity of air, separated from the food 
imbibed ; there is always some air, often (especially just after 
the moult to adult) a very large amount,” 
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This food-reservoir of tlie Pulgoroidea is not lioriiologous with 
the mesenteric sac of the (hcadidse and Cicadelli<la*, tliongh both 
pertiiiii to the ruidgut. JBut physiologically, as in su})erficial ap- 
peai’ance, they may have much m common. Granting that there 
is some 8upei*abundant air to be separated from the food-liquid, 
and supposing that this is not accomplished by the iilter-chamher, 
then the air may be segregated, and peihaps even stoied in the 
cicada’s mesenteric sac, and serve secondarily as an adjunct to the 
auditory organ. In the silent nymph the sac is much less de- 
veloped and considerably folded — the air may not be stored. In 
dissecting cicadas under water, one sometimes tinds the sac to be 
full of gas, probably air. Ilut such an enticing theory is to a 
large extent o[>posed by the still greater development of the sac 
in the Typhlocybids and other Cicadellids. 

Jjeaving the mesenteric sac, we lind that the next section of the 
digestive tract— the mid-intestinal loop — is, according to Licent, 
both absorbent and excretory. The proximal portion, up to the 
constriction so well mavked in Cercopnhe but obscure in Cicadidaj, 
is almost entirely absorbent and digestive, while the part from 
there to the tilter-chamber is excretory, like that within the 
latter organ. It filso stores w^aste matter from the proximal 
portion. This would explain HickernelTst 1 923. p. 21 8) observation 
that in Matjickada sppien*k^riw some sections of the ascending 
intestine (mid-intestinal loop) showed an epithelial lining of 
enormous cells lille<l with granules, while in others the walls were 
thin. 

I’he Malpighian tubules, in so far as they enter into the filter- 
chamber, liave beiui already <liscussed. The smooth, sliort, 
proximal portion (outside the filter-chamber), wliich in Oerco- 
pidie .secretes the albuminons vi.scid material for imparting 
tenacity to the foam, has not been shown to be secretory in 
cicada. The familiar varicose, more distal stretches perform 
their usual excretory functions. 

The swollen excretory rectum expels the liquhl waste in the 
forcibb* manner so often remarked in the Cicadid'c, ]>articularly 
in European s[»ecies. Jt is extraordinary that llargitt (1923, 
p. 210) sliould actually stfite, with regaid to septenilpchn^ that 
tlie adults “leave no .signs of excretory wastes, such as defecative 
products,” and de<luoes from this that very little feeding takes 
place in the imaginal instir. This brings us to the subject of 
tlie next section. 


€, Fe^iUug-hahits* 

Two features of cicada life, aWve all others, appealed to the 
imagination of the ancients. One was the loud and piercing 
song, and the other concerned the mysterious feeding-habits. 
Few popular beliefs have taken so long to die as that which attri- 
butes to the cicada a diet of dew. Even Aristotle (Hist. Anim. 
lib, iv. cap. 7) saw nothing improbable in this “alimentum unum 
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et pecuUare.’' Pliny, of course, followed him, while Cardano, the 
physician of Milan, proved logically the nourishing properties of 
dew, from the fact • that it was the source of the manna which 
sustained the Israelites in the wilderness ! Hales, the English 
plant physiologist (1727), believed in the valuable properties of 
dew, which was absorbed directly by the plant. 

To the question of manna produced by cicada-feeding punctures 
we shall return later ; but here we are impelled to quote 
from Donovan, who was responsible for the chai*ming English 
popular name applied to a Chinese cicada, namely “ flea-locust.’^ 
Donovan writes that cicadas “ had been observed to fly among 
ash-trees, bore many holes in them, and when the manna had 
oozed out, return and carry it off.” 

The earliest note I have, however, of cicadas feeding on some- 
thing if not more substantial, at least more nutritious, than the 
dew of heaven, is an observation made by Tancred liobinson in 
1683-1684, but published in 1714'-! 7 16 : — 

“ Coming near Capua, I observ’d a Species of Ash, or Ornus^ 
on the trunk whereof many Saccharin Concretions were visible. 
This proved the true issues out thro’ the Incisions 

made in this tree by the Inhabitants of Valahria, Swarms of 
Cicada's were sucking the Body and Boughs, and perhaps by 
wounding them made way for fresh Manna.” (p. 474.) 

Reaumur somewhat later (1740), describing the rostrum, saya 
(p. x) 

Cette trompe apprend que la cigale n’est pas faite pour 
vivre uuiquement do rosee ; ” 

and instances an observation of one of his correspondents that 
a cicada, suddenly seized on a tree- trunk, often withdrew its 
mouth -parts from the bark only with great difficulty. 

But the dew theory migrated to America and held sway until 
comparatively recent years. Potter (1839) claimed that Cicadidie 
live solely on the exhalation from vegetable barks — ‘‘ the insen- 
sible perspiration of the vegetable skin.” 

Hildreth (1830) saw the same species {septendedm) with 
its “proboscis” inserted in the bark of a tree, and a drop of 
liquid exuded when the mouth-parts were withdrawn. 

Jaeger ( 1 854, p. 102) retained the old fetish — “ they suck with 
their snouts only the dew of leaves.” 

It is possible, although not proven, that we may have to recog- 
nize a difierence, especially quantitative, in the feeding-habits of 
different species. Thus, in Europe, TiUcmi plebeia^ though well- 
known to feed (Fabre), appears to do so less frequently than 
Cicada omi^ which was doubtless the subject of Tancred Robin- 
son’s observation, quoted above. In Australia, Ft^gatt (1903,. 
p. 339) remarks that CychchUa austrahmm does not appear to 
feed in the adult stage. In North America it is usually tho 
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periodical cicada which is given the palm for abstinence. With 
regard to this species, there were stray observations by Riley, by 
Davis, and by March (1889), but it was Quaintance (1902) who 
proved that it fed commonly, and sometimes in such numbers 
that the sap from the punctures was streaming down the trunks 
and branches of the trees. 

Townsend (1892) saw Tihicen montezuma (Dist.) almost 
certainly feeding on Yiicca angustifolia. 

Gravely (1915) had a captive specimen of Lemuriana apicalis 
(Germ.) which fed on the sap of a piece of the tree on which it 
was caught. During feeding it emitted from time to time a jet 
of colourless liquid with considerable force from its Jiinder 
end. 

This squirting of liquid surely is an indirect proof of feeding. 
We have observed it in Melampaalta ciagulaia. The fluid dis- 
charged is probably difterent from that emitted by the adult 
during the final ecdysis — a kind of moulting fluid (Davis, 1922, 
in Tibicen auletea \ Krumbach, 1917, in T,plebeia), 

The fee<iing evacuations are specially numerous in Cicada orni 
(Krumbach, 1917); in PlatypUxira capitata {0\.) (Poecilopaaltria 
mbfrufa Dist.) (Biscoe, 1896) in India ; and jiave been described 
in an Amazon species (Bates, 1863, p. 227). In Australia, 
Paaltoda nia*rem (Germ.) feeds continually on the trunks of 
Angophora lanceolata^ emitting meanwhile a spray from the anus 
(Froggatt, 1903, p. 340). 

The most copious rain-makers are, however, reported from 
Mexico. Dr. W. M. Mann found that in one new irrigation 
district a main ditch was l)eing constructed wdth an angle to 
avoid a rain-rnaking tree which was considered almost as 
valuable as a small irrigation system, and far cheaj>er. An 
undetermined species of cicada was thickly perched on this tree, 
busily producing the ‘‘ min.” An exactly similar tree with 
cicadas is recoiled, likewise from Mexico, by Krieger (1904). 
This writer found that the evacuation was performed with a 
chorus eflect, much like that observed in the song of the other 
species. 

Beginnt eine der Cicaden ihren Tropfen zu schleudern, so 
ist dies das Zeichen fiir die gauze Gesellschaft, eingleiches zu 
tun, und in wenigen Sekunden ist die Erscheinung des 
Baumes, der nach Belieben regiien liisst, fertig.'^ 

In the case of some species, at least, it would appear that no 
very great restriction in feeding-habits is shown. Thus ami, 
which seems in some districts to prefer ashes and olives, in others 
haunts pines, and Swinton (1908, p. 380) found it in Spain 
feeding on especially resinous mushroom -topped pines.” He 
was ‘^at liberty to pick as many of the intoxicated bridegrooms 
off the sticky trees as I pleased, for they had drunk the spirit of 
turpentine, which is a poison to Man, long and deep.” 
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e. ClECULATOBY SYSTEM. 

Tlie dorsal vessel or heart stretches practically the entire 
length of the abdomen with a cornpartinent in nearly every 
segment and the nsnal lateral muscular wings (text-fig. 71). 
The first or most anterior of these compartments is largest and 
almost circular. It is situated in the Ilnd segment, and sends 
forward the aorta, which reaches thus from the IJnd segment to 
tlie head, passing between the great lateral thoracic muscle-masses. 
Tlmnce it threads the foramen between the msophageal con- 
nectives, and leads above the msopliagus to the j>osterior swelling 
of the pharynx, wdiere it ends in an open mouth in close relation 
with the bases of the jiosterior dorsal dilator muscle of this 
organ. 

The aorta is colourless or white, while the heart itself is dark- 
coloured — at least in alcohol material of Carinata formosa, 

/. Fat- Body. 

The fat-holy, representing a tissue rather than an organ, was 
first considered in Cicadidie by Dufour (1825), who described it 
as glaucous-green in colour and most beautiful near the end of 
the abdominal cavity. 

it is diffuse and plentiful in nymphs and in adults of both 
sexes, especially in the abdomen. It is perinea tetl by trncbeie 
and tracheoles, and i)inds in sheets the intestine and Alalpighian 
tubes. The mesenteric s,'ic has a capacity for adhering to it 
wherever contact oceans, and separation is extrtnnely difficult 
witliout rupturing tlie thin walls of the former. 

The function of the fat-body is problematical. Comstock con- 
siders it is devoted primarily to the storage of nutriment and 
secondarily to excretion. It plays an interesting rcMe in tlie 
cicadas and otlmr Homoptera in Hnpplying bousing to tlie sup- 
posedly symbiotic Haccharomyces. According to American 
observers, infection by the fungus, Massonpora cicadina, wliich 
causes such a lieavy mortality among males of septemhehn^ 
increases witli tlu^ reduction in the fat-body during adult life. 
Is it possible that there is an antagonism between the Sacchni’o- 
myces and the Massospora spores? 8ulc has already suggested a 
bactericidal function for the symbionts. 

ij. Reproductive System. 

Tlie so-called “genitalia’’ or appendages of the reproductive 
system have been treated with the chitiuous skeleton genenilly in 
a previous section. This leaves us with the gonads themselves — 
organs with which few observers have concerned themselves. As 
in so many other features of internal anatomy in the Hemiptera, 
we turn to Dufour for the first thoroughgoing study of these 
organs. 

Our own observations have been made chiefly upon the 
neotropical Carineta formosa. 
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Cl. Male Reproductive Organa. 

Apparently the first account is that of Meckel (1808, pp. 5- 7, 
figs. 2“5). He states that the median swollen ejaculatory duct 
appears to be glandular ; its inner surface is beset with small 
openings. The figures illustraf.ing conditions in Tihicen {Tetii- 
gonici) pleheia show the testes, their ducts, one pair of thick and 
long accessory glands, the ejaculatory duct, and the jcdeagus. 

Dufour (1833, p. 186, scp. pag.) deals witli Cicada orni, Ue 
describes the general relationships with detail and accuracy. 
Two accessory glands were fouml, and considered ns seminal 
vesicles. The ejaculatory duet is descril^ed as swollen at the 
base. 

Berlese(] 909, p. 850) copied Dufour’s figure, but added little to 
the French author’s account, which remains the best extant. 

Jn Carlneta forniosu the two testes are roughly spherical, but 
at the same time diffuse (text-fig. 72, t.). llie vas deferens 
from each is extreimdy long and complexly coiled (vd.). An 
aj)parently ecpially long ami very much thicker accessory gland of 
unknown function opens with it into the base of the common 
ejaculatory duct; but just before this fusion the vas deferens and 
accessory glaiiii together form a small swelling which may be 
considered a vesicula scmimilis (vs.). The proximal portion 
of the ejaculatorv duct is inordinately swollen and fnrnisbed wdth 
thick walls. Berle&e names it “ampolla eiacnlatrice,” w’bile 
Apgar (1887) mistook it for the “single testicle.” Between this 
organ and the base of the nedeagus the ejaculatory duct (text- 
figs. 34, cj., 72), wdiile still strong, is of smaller calibre. It enters 
the a'dengus by the basal foramen. 

The grc.atly-developed accessory glands wouM seem to be 
mfisadenia^ i.e. formed from the mesoderm, but observations on 
develojunent are lacking to est4d)lisb this. 

Unlike the external genitalia, the gonads, especially in the 
male, are a|)parent]y very similar throughout the family. 

0. Female n€2n*odmiire Organs. 

Meckel (1808) dealt with the female as with the male gona<ls 
in Tihicen pleheia. He was the tii*st to describe the single loiig» 
thick, unpaired, acc€»ssory gland opening near the aperture of the 
vagina at the base of the ovipositor. He states that this gland 
arises from a swelling Avliich gives rise to tw^o tul>es, one the neck 
of the s}>ermatheca and the other the common oviduct. The 
latter branches into tw^o paii*s of canals — one those of the jinired 
accessory glands and the other the oviducts. The paired glands 
seem to contiiin the sjjime matter as the unpaired. 

Dufour gave a dettiiled description in 1825, recognizing two 
long vessels secreting ‘^sebaceous humour.” The wliole account 
was modified in 1833, and, among other matters, three of these 
vessels were shown. They ai’e described ns Ijeing half as long as 
the insect, membranous, semi-diaphanous. Their positions are 
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e- Circulatory System. 

Tlie dorsal vessel or heart stretches practically the entire 
length of the abdomen with a compartment in nearly every 
segment and the usual lateral muscular wings (text-fig. 71). 
The first or most anterior of these compartments is largest and 
almost circular. It is situated in the llnil segment, and sends 
forward the aorta,, which roaches thus from the Ilnd segment to 
the bea<l, passing between the great lateral thoracic muscle-masses. 
Tiience it threads the foramen between the ccsophageal con- 
nectives, and leads above the (esophagus to the posterior swelling 
of the pharynx, where it ends in an open mouth in close relation 
with the bases of the posterior dorsal dilator muscle of this 
organ. 

The aorta is colourless or white, while the heart itself is dark- 
coloured — at least in alcohol material of Carinata formoaa, 

/. Fat- Body. 

The fat-bo iy, representing a tissue rather than an organ, was 
first considered in Cicadidse by Dufour (1825), who described it 
as glaucous-grt^en in colour and most beautiful near the end of 
the abdominal cavity. 

Jt is diffuse and plentiful in nymphs and in adults of both 
sexes, especially in the abdomen. It is permeated by trn obese 
and tracheoles, and binds in sheets the intestine and Malpighian 
tubes. The mesenteric sac luus a capacity for adhering to it 
wherever contact occurs, and separation is extremely difficult 
without rupturing the thin walls of the former. 

The function of the fat-body is problematical. Comstock con- 
sidei’s it is devoted primarily to the storage of nutriment and 
secondarily to excretion. It plays an interesting role in the 
cicadas and other Homoptera in s?ipplying housing to the sup- 
posedly symbiotic 8accharomyces. Acconling to American 
observers, infection by the fungus, Massospora cicadhia^ which 
causes such a heavy mortality among males of sepieifdt'clm, 
increases with the reduction in the fat-body during adult life. 
Is it possible that there is an antagonism between the Saccliaro- 
inyces and tlie Massospora spores? Hide has already suggested a 
bactericidal function foi* tlie symbionts. 

( j , IlifiPRODucTivE System. 

The so-called “genitalia” or appendages of the reproductive 
system have been treated with the chitinous skeleton generally in 
a previous section. This leaves us with the gonads themselves — 
organs with which few observers have concerned themselves. As 
in so many other features of internal anatomy in the Hemiptera, 
we turn to Dufour for the first thoroughgoing study of these 
organs. 

Our own observations have been made chiefly upon the 
neotropical Carineta formoaa. 
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a. Male Reproductive Organs, 

Apparently the first account is that of Meckel (1808, pp. 5- 7, 
figs. 2-5). lie states that the median swollen ejaculatory duct 
appears to be glandular ; its inner surface is beset with small 
openings. The figures illustrating conditions in Tihicen ( THti- 
gonia) pleheia sliow the testes, their ducts, one pair of thick and 
long accessory glands, the ejaculatory duct, and the a^deagus. 

Dufour (183;i, p. 186, sep, pag.) deals with Cicada orni. He 
describes the general relationships with detail and accuracy. 
Two accessory glands were found, and considere<l as seminal 
vesicles. The ejaculatory duct is ilescribed as swollen at the 
base. 

Berlese(1900, p. 856) copied Dufour’s figure, but added little to 
the French author’s account, which remains the best extant. 

In Carineta forntosa the two testes are rouglily spherical, but 
at the same time dift'use (text-fig. 72, L), The vas deferens 
from each is extremely long and complexly coiled (n/.). An 
apparently ecpially long and very much thicker accessory gland of 
unknown function optjns wdth it into the base of the common 
ejaculatory duct; but just before this fusion the vas deferens and 
accessory gland together form a small swelling which may be 
considered a vesicula seminali.s (rs.). The ]>i’oxi!nal pf»rtion 
of tlie ejaculatory duct is inordinately .swollen aiid furnished with 
thick walls. Berle.se names it “ampolla eiaculatrice,'’ while 
Apgar (1887) mistook it for the “single testicle.” Betw'een this 
organ and tlie base of the a^dcagus the ejaculatory duct (text- 
figs, 34, cj., 72), while still strong, is of smaller calibre. It enters 
the icdeagus by the basal foramen. 

The greatly-developed accessory glands would seem to be 
7Hfisadfnia^ i. e. formecl fi'om the mesoderm, but observations on 
development are lacking to estaldisb this. 

linlike the external genitalia, the gonads, especially in the 
male, are apparently very .similar throughout the family, 

13. Female Reproductive Organs. 

Meckel (1808) dealt with the female as with the male gonads 
in Tihicen pleheia. He was the first to describe the single long, 
thick, unpaired, accessoiy gland opening near the aperture of the 
vagina at the base of tlie ovipositor. lie states that this gland 
arises from a swelling which gives ri.so to tw o tubes, one the neck 
of the spermatheca and the other the common oviduct. The 
latter branches into two pairs of canals — one tliose of the paire<l 
accessory glands and the other the oviducts. The paired glands 
seem to contain the sjime matter as the unpaired. 

Dufour gave a detailed de.scription in 1825, recognizing two 
long vessels secreting “ sebficeous humour,” The whole account 
was modified in 1833, and, among otlier matters, three of these 
vessels were shown. They are described as being half as long as 
the insect, membranous, semi-diaphanous. Their positions are 
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Bs observed by Meckel. In the figure (188) the spermatheca is 
labelled as the reservoir of the sebaceous gland. ' 

Doyere (1837 h) studied the parts immediately adjacent to the 
base of the ovipositor in great detail, in Cicada mannifera 
(Fabr.). (=Fidicina w.). He described what he believed to 
occur during copulation, stating that the penis proper finds 
its way into the diverticulum, which he called poche copiUatrice* 
He discovered the small vesicles on the neck of the latter and the 
long filiform tubes which Gadd (1910) thought had escaped all 
previous eyes. Doyere noticed that these vesicles contained a 
fatty substance of a yellow colour, evidently secreted by the hair- 
like tubes. He found the tubes themselves to be five to ten times 
as long as the body, and confirmed the presence in this third 
species of the three stouter accessory glands of Meckel and of 
Dufour (1833). 

Holmgren (1899) used Cicadellids, Cercopids, and one Fulgorid 
in his investigations of the female reproductive system, but 
made a comparison with Doyere’s and with Dufour's results. 
The chief point of difference appeared to be the lack of the paired 
accessory glands opening at the junction of the oviducts. 

Henneguy (1904, p. 166) remarks that the poche copidatrice 
receives the semen in Cicadidse, and this is then stored in the 
receptacula seminis, of which the cicadas possess two (p. 169). 
This is surely an error, unless the latter name is applied to the 
small vesicles on the neck of the bursa. 

Berlese (1909) fails to mention the unpaired accessory gland, 
but otherwise follows Dufour closely. 

Gadd (1910) studied the female reproductive system in Tihicen 
pleheia^ Cicada orniy Cicadatra querulay C. atray C, hyalvtiay 
Melampaalia adustay and if. montana — seven species in all. In all 
he found the unpaired gland first described by Meckel, and noticed 
that in pleheia and it is very long, reaching to 20 mm. in 
the former, while in Cicadatra it is reduced, and in Melampaalia 
much shorter than the oviduct. This may therefore explain my 
own failure to find it in Melampaalia and in Carineta, Similarly, 
the efferent canal of the receptaculum seminis in both Cicadatra 
and Melampaalia (Gicadeita) is proportionately shorter than in 
orni and in pleheia, Gadd claims the discovery of the paired 
filiform glands opening into vesicles at the entrance of the receptor 
culum aeminia. We have seen, however, that these were 
accurately described by Doyere in 1837. Gadd’s receptaculum 
aeminia is evidently our apical pouch (text-fig. 75, ap,). 

In CaHneta there are, as in other species known, two large 
ovoid ovaries (text-fig. 73, (w.). These contain in a European 
species 70-80 meroistic ovarioles, according to Berlese. The 
number in Garineia seems to be of the same order. 

The oviduct (text-figs. 73, o.) bends shortly and runs to join 
its fellow and form a stout, short, common oviduct or vagina 
•(text-figs. 73-75, co,). This bends over veiy sharply near its 
beginning, and just after the union of the oviduote receives 
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a long, winding, accessory gland from each side. These appear 
homologous with the very similar structures in the male, but are 
shorter. They can, of course, be considered neither spermathecal 
nor colleterial glands, and their function remains for the present 
unknown. 

Near the external opening the vagina receives a large sac-like 
spermatheca. Comstock (1925, p. 160) remarks that a huraa 
copulatrix is said to be wanting in Hymenoptera, Diptei-a, 
Heteroptera, and Homoptera, except the Cicadas. I am not clear 
to which organ in the cicadas Comstock would apply this term. 
There is only one large sac-like appendage to the vagina in this 
and in other recorded species. This appendage, the spermatheca, 
shows, however, a differentiation very marked, into a relatively 
soft-walled apical pouch (ap.) and a very stout and muscular 
portion proximal ly {vis.). Possibly the latter subserves the 
function of bursa copulatrix, but we are here calling the whole 
organ a spermatheca. 

At each side of the entrance of the spermatheca (or bursa, 
Comstock) is a tiny thin-walled sac receiving a long, much coiled, 
thin, and thread-like white gland discovered in other species by 
Cadd in 1910 (text-figs. 73-75, acs,). These glands, which are 
cut short in our figures, are to be considered as spermathecal 
glands. 

Finally, as to the large, v’^ery long, unpaired gland opening into 
the \agina near its orifice, as discovered by Dufourand confirmed 
by Gadd (1910), but omitted by Berlese (1909, fig. 1132) from his 
copy of Dufour 8 figure, I have found traces neither in Carineia 
formosa nor in Melavipscdta scutdlaris ; but the condition and 
quantity of my material hardly warrant the assumption that it is 
therefore absent in these species. Gadd found it very short in 
Melampscdta admta. 

In Melavipsalta scutellaHs the filiform spermathecal glands are 
thicker and somewhat shorter than in Carineia, The vesicle on 
each side, into which each opens, is larger than in the other genus, 
translucent and bright yellowish-green instead of white as in 
Carineia* 


(3) SOUND-OBGANS. 

We now come to those parts of cicada anatomy which, above 
all others, have enabled these insects, in more senses than one, to 
make a noise in the world. We have here to deal with the most 
complicated sound-producing organ in the animal kingdom — and 
one which usurps such a large part of the cicada economy as to 
remind us forcibly of Plato’s story that these insects were once 
men who gave up their whole lives to song, neither eating nor 
drinking, and singing, died. 

The following comprises, firstly, a description of these organs as 
they occur in Mdampmdta^ notes on their mechanism and a 
discussion of the further specialisation exhibited by the Platy- 
pleurinsB, and a few notes on the condition of the corresponding 
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parts in females and iiyinplis ; secondly, a historical review of our 
knowledge of cicada sound-organs ; and, thirdly, an account of 
the accessory stridulating apparatus of the subfamily Tettigadinso, 
It has been necessary to depart from historical sequence in this 
arrangement, since a description of the organs is a pre-requisite 
to a just evaluation of earlier contributions to their morphology. 

a . Description of Sound-Organs. (Text-figs. 10, 14, 
16-23, 27-29.) 

Unless otherwise stated, the description is based on New 
Zealand species of Melampmlta^ chiefly sericea and mnia. An 
effort has been made to stabilize the terminology. 

1. The are two large plates on the underside of the 

body, extending posteriorly from the metathorax and covering a 
large ventral cavity. In Melampaalta they are short, in Lemheja 
{fatiloqua) and in Tettigarcta entirely absent, but in some species 
of the Oriental Dundubiini — in many respects the most highly 
specialized of all cicadas — they are extraordinarily elongated 
and attain nearly the apex of the abdomen. Text-fig. 10, if 
nothing else, shows that these organs are extensions of the meta- 
fchoracic epimera, as stated by Carlet. Mayer ( 1 877 ) and Prochnow 
(1907-8) consider them episternites, Comstock calls them out- 
growths of the sternella, but in sepiendecim they .may be seen 
distinctly to curve round the metasternum, which itself bears a 
projection (apophysis of Carlet) for the insertion of the folded 
membrane. The opercula are the volets of Reaumur, Carlet, and 
Fabre. They have been inexcusably mistaken for the agents of 
sound by several taxonomic writers; thus Francis Walker calls 
them the drums, and applies the term opercula to the lateiul 
coverings of the tyrnbals in Platypleurime. 

Projecting over the base of each operculum is a meracanthus 
which Reaumur (cheville) believed to function as a lock to 
prevent the operculum from moving too far from the plane 
of the abdomen. But the operculum is immovably attached to 
the thorax, and the space between it and the abdomen, which in 
some species is varied during singing, is altered by lifting the 
abdomen from the opQrculum. The effect, of course, is the same. 
The opercula are moderately developed in the female, 

2. The caxniy — the church or la gleiso of the Provencal peasant 
— lies beneath the opercula. It is bounded anteriorly on each 
side by a yellowish folded membrane, which is apparently the 
intersegmental membrane l)etween the thorax and abdomen, 
and posteriorly by a mirror, which has already l>een described as 
the tympanum of the chord otonal organ lying in the lateral wall 
of each Ilnd abtlomiiml segment. The mirror has usually been 
considered (e.g. by Mayer, 1877) as the intersegmental membrane 
between the 1st and Ilnd abdominal segments, but Vogel, as 
we shall see later, sees in it the “ Pleuralhaut ” of segment I. 
Apart from the opercula, the mirrors are the only organs of this 
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complex which are present in the female. The folded membrane 
is probably only of articulatory importance ; but Carlet describes 
a small tensor muscle, and believes the membrane is an accessory 
vibratory structure, a character assigned also, by assumption, to 
the mirrors until they were recognized as the tympana of the 
auditory organs. Vogel <Jescribes also (1923, Abb. 5) a tensor 
muscle of the mirror, but I have been unable to find any trace of 
this in Melam 2 )salta (text-fig. 27). 

3. The spiracles associated, in our opinion only topographically, 
in that of other observers (Oarus, Landois, Swinton) functionally^ 
with tlie sound-organs are the third and fourth pair (first nnd 
second abdominal). Their position has already been described in 
section (2) c. of the present paper. We have seen also that the 
tracheal san of many observers is mesenteric in origin and has no 
communication yet proven with the spiracles. Some writers, 
concerned only with the sound-organs and dissecting probably 
dried material, have not even recognized a sac, but speak of the 
third sfuracle as opening directly into the body-cavity (Carlet, 
1877, p. 20, in Tihicen jtleheia). Vogel claims that the wall of 
the sac is fused with the tympanum, the two together forming a 
wall only 0*5 fi thick ! 

4. We have reserved till last the effective instrument of 
sound. All tlie foregoing structures are mostly protective and 
accessory. The sides of the Tst abdominal segment show as 
tergal modifications two convex, oval, strougly-chitinized, pale- 
coloured plates in a frame even more stoutly chitinized. In 
Mdiimjimlia the surface of each tymhal shows usually a posterior 
smoother portion with one strong rib at its edge and an anterior 
with strong, more or less parallel ribs, slightly oblique but not 
far from perpendicular to the long axis of the cicada body. 
These ribs are darker in colour than the rest of the tymbal. In 
Magicicada there i« a greater development of parallel ridges and 
less smooth space. The tymbal of Tihicen chloromera is more like 
that of MelamfmiUa, 

5. Dissection is necessary to lay bare the musculature wliich 
puts these organs in motion (text-fig. 28). It is convenient to 
cut off the abdomen at about the 1 Ilrd segment. In caudal view 
the mirrors are then very conspicuous, and the other organs may 
be seen through them. Prominent among the latter is a large 
chitinous V, standing on tlie sternal surface and reaching its 
arms up almost to the dorsum. This is the triangle ecmllenx of 
Reaumur and the entogastre of Audouin and Carlet. The whole 
or part of this structure has been hoinologised incorrectly as the 
furca of an abdominal segment, interpreted either as I, or II. 
We shall consider its true nature in the sequel. 

Parallel but dorsal to the arms of the V, and inserted in a ridge 
in the basal portion of each, are two large muscles — the largest 
single muscles in the body. These are the tymbal-muscles. Each 
bundle ends distally in a chitinous plate — Sehnenplatte of Vogel, 
Paoc, ZooL, Soc. — 1928, No. XXXI. 31 
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plaque cartilagineiLse of Reaumur, epideme of Audouin, disque 
terminal of Carlet, — from which a narrow tendon extends to 
its attachment in the dorsal portion of the inner face of the 
tymbal at the main ridge of the smoother portion (text-fig. 28). 

Tymhal'covers, —We have described the complete sound- 
producing apparatus as it appears in its simplest form. In the 
Platypleurimc, to which subfamily belongs Tibicen pleheiaj the 
species most often studied by European workers, the tymbals are 
completely hidden from view by a forward lateral expansion of the 
second abdominal tergite, which forms on each side an accessory 
cavity of which the inner wall is formed partly by the tymbal. 
These second cavities — cellides of Reaumur, cavernes of Duges — 
are much narrower but considerably deeper than tlie main one 
bounded by the opercula, folded membranes, and mirrors. In 
the subfamily Cicadime (Gseanina' Eist.) the tymbal covers 
are incomplete. 

The essential elements of the sound-producing apparatus are 
the tymbals and the tymbal-muscles. The experiments of 
Laiirentus (Zanotti, 1731, p. 80), of Lopori (1869), of Mayer 
(1877), of Sober (1837), of Goureau (1838), of Medici (1847), of 
Lucas (1887), to mention only a few, all attest the fact that the 
destruction of actual or supposed accessory j)arts — opercula, 
folded membranes, mirrors, “ tracheal ” sac — and the stoppage of 
the adjacent spiracles have but the slightest, if any, quantitative 
efifect on the production of sound in the living cicacla. Landois’s 
theory that the third spiracles w’ere the instruments of sound 
never hatl the slightest experimental foundation, but, on the 
other hand, went against all previous evidence. The more 
reasonable belief of Cams and others that the spiracles acted as 
accessories by supplying the air to the “ tracheal sac was based 
on observations made on Tibicen pleheia while singing. This 
species, like several of the New Zealand Melampsaltse, modulates 
the sound by alternately widening and narrowing the entrance to 
the main cavity by raising or lowering the abdomen. This 
rhythmical movement was mistfikeii by Carus for a respiratory 
one. In those species, like Melampsalta muta in New Zealand, 
which do not thus manipulate the opening while singing the song 
is uniform and monotonous, though the volume of sound is no 
smaller. 

We are reduced, then, to the tymbals and their muscles. The 
former are convex, and if they are pulled inward and released by 
manipulation of the appropriate muscles in a moist specimen, 
they will regain their former convexity by virtue of the elasticity 
which resides especially in the strongly-bowed ribs. This process 
is accompanied by a short click like that emitted by a tin can 
similarly indented — and these clicks, rapidly repeated, constitute 
the song of the cicada. No further arrangement is required. 
But the simplicity of this explanation, first clearly demonstrated, 
though not discovered, by Reaumur, has been repugnant to 
several investigators, and Graber would see in the sound a result 
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of friction between the ribs of the tyinbal during the alternate 
movements of contraction and relaxation. Kingston ni)22) 
carries this idea still further — believes that the click elicited by 
manipulation of the apparatus in a dead cicada results from the 
tajiping of a tooth borne by one of the ribs on a bar which corre- 
sponds with anotiier thickening. Since the tyinbal structure 
necessary for this method is far from general in the family, and 
may be even conhned to the one species studied by Kingston, 
this explanation, even if partially true, is too limited to ap})ly to 
cicada music as a whole. 8o far as we can see, in a dead specimen 
of Tibicen chloroinera the movement of the tyinbal is just a simple 
buckling on a line near the middles of the chitinous bars, and 
almost parallel with the long axis of the body. 

Carlet attempted (1877) to measure the vibrations of the 
tymbal by fixing a fine glass thread with wax to this organ and 
placing the other end of the fibre in contact with a revolving 
cylinder furnislied with a smoked surface. The experiment was 
not very successful, largely because a captive cicada never sings 
“ properl}^,” but emits an alarm cry like that of a bird under 
similar circumstances. 

The same observer ( 1876 6) oliserved that the tymbal-muscles 
contract simultaneously. 

It is needless to state that the sound-organs are confined 
entirely to the males. Apparently Ainyot (1836) w^as the first 
to make the statement tliat certain unspecified exotic forms had 
the sound-organs almost as well developed in the male as in the 
females, and that presumably these females sjing too. Although 
this seems to be entirely incorrect, it has been repeated in several 
reputable works, even as recently as 1909 (Berlese). Girard 
(1866) states the belief very dogmatically. 

Homologies of the Suxmd-organs , — The interpretations offered 
towards the solution of the homology of the structui'es involved 
in the sound -producing apparatus are confusedly various. The 
following points are, liowever, agreed upon by almost all 
woi’kers : — 

a. The tymbals are modified portions of the first abdominal 
tergite. 

h. The tyinbal-covers in the Platypleurinie are outgrowths of 
the Ilnd segment of the abdomen. 

c. The folded membrane is the modified intersegmental mem- 
brane between the metasternum and the ventral part of the 
abdominal base. 

It may be further taken as established, in spite of assertions 
to the contrary, that the following homology is substantially 
correct : — 

a. The opercula are productions of the metathoracic epwiera 
only. 


31 » 
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h. The meseuteric (so-called ‘Hrachear’) sac is primarily a 
part of the alimentary tract. 

The most important of the remaining questions concern the 
origin of the furca-like structure supj)orting the tymbal-nuiscles. 
and of the mirrors or auditory tjunpaua fastened along one of 
its edges. In the solution of these problems it is possible that a 
dissection of Tettigarcta^ wliich is devoid of sound-organs, would 
be of assistance. Scarcity of material makes tliis impossible at 
present, but an external examination shows the following condi- 
tions in the adult male : — The opercula are completely lacking; 
there are not even the rudiments seen in the females of other 
species. The 1st abdominal segment is greatly reduced, hut 
shows laterally a slightly swollen area, free from the long liaii s 
which thickly clothe the x-est of this region, and furnished witli 
faint ridges. Were not nearly all the other characters of Tetii- 
garcta apparently highly primitive, one would be inclined to see 
in this structure the last vestiges of tymbals lost in the history of 
the race. There are no signs of a mirror. 

Berlese considers the chitinous V in question to be the furca 
of the second abdominal sternite (p. 707) or of the first (Hg. 633) 
— an inconsistency not unusual in the Italian worker’s gre.at 
book. Comstock (1925) agrees witli the first homology, wliile 
Imms (1925) states that the tyniba 1-muscles arise from the 
mesofurca.” The two authors, however, who have given the 
matter the most attention are Carlet (1877) and Vogel (1923). 
The former sees in the structure in question iiii endoskeletal 
development of the 1st abdominal segment, and calls it the ento- 
gasire^ while Vogel likewise ascribes it to segment 1., a conclusion 
whicli, as we shall see, there can he no <lisputing. 

All previous workers have studied the homologies of the sound- 
organs only in adult males, with an occasional glance at a female, 
but we have attempted to follow a developmental series, beginning 
with a female nymph, as likely to contain the least rudiments of 
the appax’atus, tlion studying the male nymph, the adult female, 
and tljen the adult male. This has been done with tliosf3 species 
of which we have authentic material of the pre-imaginal stages — 
namely Melampaalta leptornem^ J/. serica and J/. cinffidaiaf and 
Magicicada sejitendtcim . 

1. The female ultimate nymph shows the first sternite greatly 
reduced — in fact almost obsolete. Internally there is a jxowerful 
furca from the metasternum, but not the slightest trace of endo- 
skeletal structure in abdominal segments I. and II. (text-fig. 22). 

2. The male ultimate nymph shows surprisingly little <liirer- 
ence from the female condition. There is, however, a raised 
dome-like area of smooth, white, very thin skin wdiere the tymbnl 
will lie on the 1st abdominal segment. This is so large os to 
suggest that the adult organ owes its structure and strengtli 
largely to excessive folding of this area. The rudiment of the 
hearing-capsule is more swollen than in the female. The 
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boundary between segments 1. and II. is rather indistinct, and, 
apart from the auditory capsule, very membranous. There is no 
more trace of abdominal fiircm hei'e than in the female of corre- 
sponding age, while those of the thorax are distinct and well 
developed. 

8. Jn tlie adult female (text-lig. 20) the nymphal condilions 
have been much modified, especially in abdominal segments 1. 
am) 11. The chitinized part of the 1st sternite (text-fig. 14) is 
veiy suiidl. The uiiiror has come into being, hut is much smaller 
than in the male. Its front border is formed by a narrow 
chitinized piece. Its hin<l-border arises distinctly from the Ist 
sternite as a chitinous strip which, as seen from within, runs into 
the 2nd sternite and seems to be continuous with the posterior 
margin of a flap folded back on the 2nd sternite (text-fig. 20,/?.), 
along the intersegmental line. The lower margin of the mirror 
is attaclied to the })osterior edge of this flap. \Ve shall see later 
whether the flap itself ))elongs really to 1. or 11., but the fact is 
assured tliat the mirror lies wholly in segment I., and consists of 
a thinning of the sternite itself, as Vogel (1023) was a])parently 
the first to recognize. Moreover, the line separating I. from II. 
]>Hsses between the 4th sjiiracle aiul the auditory cap.sule, and 
the former must therefore be considered as topographically 
belonging to J. There is no spiracle actually situated on seg- 
ment 11. If Ileymons Jiud others who belic've there is a forward 
shift of spiracles during developmcuit in this region are correct, 
then spiracle 8 belongs to abdominal segment 1., but has moved 
on to the posterior edge of the metathorax, whih^ spiracle 4 has 
made a similar shift from il. to 1. If, on the other hand (see 
.section (2)c. of this paper), these workei's are wrong, and 
s}>iracle 8 l>plongs tndy to the thorax, as its structure would 
seem to suggest, we are faced, whether 4 belongs primitively 
to 1. or 11., with the anomalous conclusion that a spiracle 
occupying an intermediate position in the series has been lost 
entirely. We prefer the former explanation. Vogel believes 
that the line separating the nie.sal border of the mirror from 
the chitinized mesal part of sternum 1 is homologous with 
Heymoiis’s embryonic division between sternite and para.sternite. 
Thus the mirrors would correspond with tlie pamsternites of 
segment I. Tlie validity of this division as applied to adult 
structure is, however, very ipiestiemable (sec section (1) c. of this 
paper), and we prefer to regard the auditory tympanum merely 
a.s a ditierentiated part of sternite I, Avithont committing our- 
selves to its homology with a more or less hypothetical para- 
stei’iial segregate. 

There is no sign of endoskeletal structure in the female 
abdominal segments I. and IX. 

Turning now to the adult male (text-fig. 19), we can understand 
the position better by comparision with the female. The small 
strongly-chitinized Ist sternite of the female is here merely bent 
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more sharply upward on each side, and continued into the fore- 
rim of the mirror in accordance with the much greater develop- 
ment of this organ. In the male this fore-border is much wider, 
stronger, and uiore wing-like (text-fig. 20), and extends, as in the 
female, to the neighbourhood of stigma 4 and of the lower 
corner of the tyinbal — t. e, to tergite I. Thus this wing-like 
fore-boi*der is really part of the outer bod 3"- wall of the 1st seg- 
ment, and, in fact, merely a differentiated part of sternite I. 
There is nothing really en<loske]etal about it — yet it is an arm of 
the V which has been called the furca of the JInd sternite. A 
glance at text-fig. 20 will show that it belongs entirely to 
segment 1. — the line of demarcation is clear. Anterior to this 
differentiated part of sternite I. on each side lies the folded 
membrane, and posteriorly the mirror. If we accept the para- 
sternite conception, then this wing is port of parasternite 1. along 
with the mirror. All that has happened is that the entii^e 
latero- ventral ))ortion.s of sternite 1. have been stiongly con- 
stricted — pushed dorso-mesnlly, so as to leave a resonatory 
cavity between what is really the ventral surface of segment 1. 
and the opercula, which lie in the noimal plane of tbo venter. 
No eiidoskeletal structure has been produced since the whole 
of segment I. has participated in the change. The tergite has 
supplied the tyinbal on each side, while the sternite has differen- 
tiated in each lateral region into a sti'ong chitinons anterior 
portion serving os a support for the greatly thinned posterior 
part or mirror. Text-fig. 29 shows that there is a slight inward 
buckling near the base of the two sternal wings in sepiendechn. 
The two parallel ridges formed thus, one on each side, tend to 
approximate each otlier. They are the nearest npproacli to endo- 
skeletal structure found in this segment, and they serve as the 
fixed insertion of the tymbal-muscles. In Tibicen chloromera 
these ridges are better developed and practically meet, forming a 
strong Carina performing the same funi’tion. 

The hind edge of the mirror is formed, as in tlie female, V)y a 
strongly-chitinized flap apparently from the 1st sternite, folding 
over within the anterior edge of the 2nd sternite, thus making a 
strong reinforced rim. Whether this flap itself (text-fig. 20), 
curving backward and inward over the edge of the 2nd sternite, 
belongs to segment II. or to segment 1. is difficult to decide. 
The 1st segment separates easily from the Ilnd along the inter- 
segmental line in KOH preparations, and the tear always 
continues right along this fold, thus separating the flap in 
question from segment II. But along the fold there is no sign 
of a real 8uture*( text-fig. 21), and, moreover, the posterior sternal 
wings (text-fig. 29) are not continuous with tlie flap, as viewed 
from within. At the lateral or dorsal extremity of the fold, on 
the other hand, the chitin is continuous. 

This question, however, does not affect the conclusion that the 
whole of the sound-producing apparatus, together with the 
tympana of the chordotonal organs, belongs to abdominal seg- 
ment I. 
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To the homologies already tabulated at the beginuing of this 
subsection we should thei*efore like to add the following: — 

rt. The wings of the so-called //ora(Berlese, 1909, figs. 433, 882) 
supporting the ty in b«al -muscles at their base are not endoskeletal, 
but are differentiated anterior parts of the 1st sternite. 

6. The mirrors or tympana are differentiated posterior portions 
of the Ist Rternit(‘. 

c. The whole of the sound-organs pertains to segment I. 
h. lIisTouicAL Review. 

Tlie first known observation on the method of sound-production 
in the Cicadkhe — that of Hesiod, about the eighth centuiy before 
Christ — we have seen to ))e accurate so far as it goes. The tettix 

pours forth under his trintjs his shrill song.” 

Aristotle's much later anrl more detailed account, an exteiision, 
so fur as the scientific equipment of the time Avould allow, of 
Hesiod’s observation, was the first attempt at a formal explana- 
tion. We must examine it a little closer. The relevant passages 
(Hist. Anim., lib. iv. caj). 9; l)e part, nnim., lib. iii. cap. 16)^ 
though short, have given considerable trouble to the commentators 
The following interpretation is based on the various editions and 
commentaries cit(‘d in the bibliography, and on the exegetical 
notes of Lamlois (1867). The explanation involves Aristotle’s 
conception of respiration, which he regarded as essentially a 
process of cooling. A^ertebrates accomplish this result by taking 
air into the body and expelling it again, insects do not breathe 
in this sense, but achieve the same eml by the agitation of the 
air enclosed within their botlies. Hy this movement the body 
fluids are brought into contact at the hiz/moma with the thin 
membrane which there sepai-ates them from the cooler outer air. 
Ogle and Landois think that the h}ij>osoma is the waist-line or 
septum between thorax and abdomen in its ventral part. In 
flies, bee.s, and similar buzzing insects this sound is produced by 
the vibration of the membrane at the hy2>osomay brought about 
“ attritu spiritns,'' In those tettiges whicli sing, the hyposomatic 
insinking is much more greatly developed, but the song is pro- 
duced in the same Avay. Landois compares the agitiition of the 
** innate spirit ” (Ogle) Avith the moA^ement we might impart to 
the air in our chest by moving our diaphragm up and down while 
keeping the nostrils and lips clo.sed. We do not think Ogle’s 
above tianslation for iryevfm is \A’el I -advised, for Aristotle 
apparently meant the term to connote merely enclosed air Avith- 
out any metaphysical implications. The movement was conceived 
as produced by relative motions of the internal organs. 

Such Avas the explanation which held sAvay until after the 
Renaissance. It possessed the merit of distinguishing clearly 
between the song of the cicadas and the stridulation of Ortho- 
pteroids; and it was as deflnite as the biological concepts and 
Bcieutiflc equipment of the time would allow. The absence of 
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even the rudiments of knowledge concerning muscular action on 
the one hand and respiration on the other, in invertebrates, made 
it impossible to distinguish in principle the song of the cicadas 
and the buzzing of bees and flies. 

The two other main theories of cicada sound-production 
advanced in classical times are superficial in comparison. On the 
one hand, Meleager, Apollonides (or PhilippuR), and other writers 
in the Greek Anthology, by confusion with Orthopteroid stridu- 
lation, spoke of such methodR ns “ beating its belly w’ith its 
wungs,” “striking its feet with its wings,*^ or its body. On the 
other hand, was the idea, apparently Egyptian, though mentioned 
also by Bianor in the Greek Anthology, that the rostrum, rubbing 
on the under surface, was the plectral instrument of sound 
(Horaj>ollc), Valeriano). 

But these superficial notions competed little w’ith the A)‘istote- 
linn hypotheses, which was repeated by mediaBval find later 
writers down to Aldrovandi (1618) and Moufet (1634), and 
constituted, from the scholastic viewpoint, a perfect e.xplanation, 
reijiiiring only .abstention from renewed investigation to ensure 
its indefinite perpetuation. The one glimmer of experimentalism 
— the observation of Albertns Magnus (jmblisbed 1495) that 
cicadas could sing for a considerable period after decapitation — 
served only to confirm the theory. 

The fiist to dispute, in the opening of the seventeenth century, 
the authority “ che per tant* anni avea celato il vero,’^ were 
Casseritis and Galileo. Galileo’s statement is a clear expression 
of the modern spirit and a clean s^veep of tradition, but at its 
publication the effective organs of cicada sound had been already 
discovered by bis conteiuporaiy. Giulio Casseiio (Casserius), 
erstwhile <loniestic in the household of Fabricius ab Aquapendente 
and later his successor in the Chair of Anatomy and Physics at 
Padua, published in ICOO a detailed illustmted account of several 
species, figuring the tymhals {memhnmm h^acteales)^ nnrrors 
{tympana\ folded membrane {mevnhrance Intern), and tymbal- 
muscles, which latter be described &s ad mouendas 7)iembrana8 
effecUy The relations of the muscles are clearly shown, save that 
the terminal disc and tendon are omitted and the muscle drawui 
as inserted directly on the tymbal by a slightly narrowed apex. 
There is, however, some mistake in his experiment, since he 
remarks concerning the folded membiane (memhrwna Intea) 
“ diarnpta sonus peril, Considering the time at whicl) he wrote, 
and the more than a centur}’’s interval which passed before his 
studies received a worthy supplement, the contribution of 
Casserius is highly norewortby. His work, published in a general 
anatomical treatise, seems largely to have been overlooked by his 
successors. 

The next account, that of the Spanish botanist Giulio Pontedera 
(1718), falls considerably short of the standard set by Casserius 
so long before. It is true that he promises a fuller and illustmted 
description, but this apparently never appeared. He indeed 
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recognized the tymbals, and observed that the sound ceased when 
they were broken. His outlook was predominantly traditional, 
however, and he appeiired still to believe that the tymbals were 
moved by the air enclosed in the body, but his account is so 
obscu<e that one follows liis thinking with dilHculty. 

Giovambatista Felici is credited by Medici (1B47, p. 142) with 
publishing the first figures of the sound-organs (1724), but we 
have seen that another Italian, Casserio, lias no fewer than 
124 years’ priority. Hut if that honour go to Casserio, neverthe- 
less the standard of Felici’s work makes him a worthy second. 

Felici s investigations were said to have been made and com- 
municated in 1717, seven years before publication. Felici held 
a generally correct view as to the relations of all the parts ; he 
discovered the terminal plates of the tymbal-muscles, ossetti o 
curtilagini dure, and the tendons connecting them w ith the inner 
face of the tymbal. He knew no previous theories save those of 
anti(|uitv, and these he criticised soundly, characterising the 
Aristotelian conception as a well-thought-out hypothesis — 

“ iMa (pianto (o Dio!) agevolrnente s’ingannano coloro, che 

per investigaro Jc cagioni degli efietti natuiRH,non hanno altra. 

migliore scorta che la propria fantasia ! ” (1724, p. 67.) 

Hy experiment lie showed that the mirror and other necessary 
parts — one by one — could lie eliminated as sound-producers, 
until finally he could demonstrate this role in the tymbals alone. 

Felici figures and names five difiereut sjiecies of true cicadas. 

Zanotti (1731) records the investigations of Pozzi (Putins) and 
Lauren ti, carried on some ten years previously. Those of 
Laurenti were devote<l to the .sound- organs. Zanotti refers to 
Felici’s work, and fails to show that Diurenti adds anything to 
the hitter’s contribution. The tymbals are described, and the 
now almost usual experiment performed to show' that their 
extirpation renders tlie animal mute. The tymbal-muscles are 
not, liowever, mentioned. 

Swammerdam (1737, p. 504) knew no cicadas in nature: we 
may therefore excuse his repetition of the Aristotelian explana- 
tion. 

Four times at least now’ had the true sound-organs been in- 
dependently discovered and their mechauiKin more or les.s clearly 
described. It is significant that the poorest account of the four 
was that of the investigator w’ho placed the most empliasis on the 
teaching of the classics. 'J’o the extent that these isolated 
experimenters broke away from traditionalism, to that extent 
also did they tend to ignore the work of their contemporaries and 
immediate predecessors. In no one were both tendencies more 
clearly displayed than in the fifth independent discoverer of 
cicada sound -organs. But it was due to the unfailing accuracy 
and patience of his ob.servations, to the clarity and detail of his 
illustrations, and to the lucidity and charm of his literary style 
that Reaumur (1740) not only escaped the oblivion which has 
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largely swallowed the work of his forerunners, but supplied the 
account which is the basis of nearly all subsequent accurate 
descriptions of these organs. Even Fabre considered that the 

master ” had cleared up most of the mystery, leaving only a few 
supplementary facts for his disciples to glean. 

Fabre is right— those who, like Landois (1867, 1874), loudly 
proclaim that, instead of adding a little to the work of their 
predecessors, the}' have reaped an entirely new harvest, are found 
usually to have stored nothing but chafi*. Reaumur’s account, 
remarkable for its uncompromising denial of any other motor 
agent than that furnished by the tyinbal-muscles, is too well- 
known, at least by imitation and abridgment, to lequire further 
comment. 

Later workers who, while adhering to the essence of the 
Reaumurian interpretation, have in many cases added greatly to 
our detailed knowledge of cictida sound-organs are Carlet (1876 «, 
18766, 1877, 1879), who has perhaps given the best general 
account; Fabre; Haswell (1887); Lucas (1887); Mayer (1877); 
Lepori(1869); Goureau (1837, 1838); Targioni (1867); Medici 
(1847); Latreilje (1822) ; Middlemiss (1886) ; llingston (1922); 
Dugcs (1838); Gi-aber (1872, 1876, 1877); N. Potter (1839); 
Lloyd Morgan (1880, 1886). 

Lepori and Goureau showed that the stigmata had notliing to 
do with the sound, since it was not altered when these were 
blocked. 

Cams (1829) empliasised very strongly an alleged respiratory 
factor mentioned by Chabrier (1820), but which Cams claimed 
that Reaumur and his disciples had overlooked. He observed 
Tihwen pleheia in Italy. Now plebeia is one of those species, like 
MelampsaUa scutellaris in New Zealand, which “play” their 
instruments with considerable ingenuity, modifying the sound by 
alternately lifting the abdomen from and appressing it to the 
opercula, and thus varying the size of the entrance to the sound- 
organ cavity. At its greatest divergence the abdomen is slightly 
curved dorsad of the usual outline of the body, and appears 
swollen. The whole process looks very like a swelling and 
deflating of the abdomen itself. Kingston (1922) describes it as 
an actual operation of this kind — the abdomen in a Himalayan 
species was seen to distend and collapse in accordance with 
increase and diminution of pitch in the song. Yet a hole cut in 
the side of the abdomen and of the mesenteric sac failed to stop 
the song. Cams, however, believes that the movements were 
distinctly respiratory, and accompanied the alternate expiration 
and inspiration of air through the third spiracles. He regarded 
this process as per $e essential to sound-production, and knew 
nothing of the alternate increase and decrease of the space 
between opercula and venter. In this interpretation he was 
followed by Burmeister (1833); van Hasselt (1882); Milde 
(1886); and, in independent agreement, by Solier (1837). Wo 
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have seen that Lepori, Goureau, and Hingston have supplied 
refutation based on experiment, while we liave interpreted with 
Fabre, Swinton (1880, p. 222), and others the edect of the move- 
ments in another w»,y. Swinton (especially 1908) would seem 
to believe, nevertheless, that the movements are respiratory. 

Tiiere remain four theories which jire now little more than 
historico-scientific curiosities. Griflini (1897) writes (p. 570) of 
cicadas : — 

“ Le loro eliti’e hannc) le nervatura basali vesieolo&e, ossia alte 
a dihitarsi ed a deprimersi alternativamente.” 

This alternate swelling and debating of the ‘‘nervatura’* jiroduces 
cicada song ! 

llartram (1894) claims that the males of Magicicadasepie^uJedm 
make a noise “by a tremendous motion ()f two air-bladders under 
their wings.’’ His countryman Hildreth (1826), by a happy 
thought, extends this hypothesis to explain also the origin of the 
Scottish national musical instrument. He refers to sept eudechii 
as “screaming with their air-bladders or bagpipes ” placed under 
their wings, and suspects that the inventor of bagpipes received 
the idea “ from some insect of this kind ’’ — surely a Southron 
origin for the pipes, i'ossibly Hildreth was influenced by the 
question as to tiie musical ]»roperties of either instrument. 

Hosel (1749) suttere<l with Ileaumiir, whose work he knew well, 
tlie disa<l vantage of working with dead material. But while the 
French naturalist’s cicadas were preserved in alcohol, the 
Nuremberg observer had apparently only dried specimens. He 
found that the tendon from the terminal plate of the tymbal- 
inuscle w*as not attached to the inner face of the tymbal, hut 
acted, he thought, as a jdecti urn, eliciting sound by rubbing its tip 
across the ridges of the latter. 

The fourth schism from the now orthodox interpretation of 
Reaumur was initiated by Landois (1867, 1872, 1874). Turning 
from liis investigations on the buzzing of bees and flies, he 
attempted a similar ex[)lanation for cicadas— described complicated 
“ Stimmhander,” bordering the third spiracles, which he named 
“ Schrillstigmen ” and announced ns the sole instrument of sound. 
The tyrnbal-muscles he waved airily aside — 

“ Pie Trommelmuskel ist stark chitinisirt und wurde von 
iilteren Forschern einfach a Is Clutinstiilicheui gedeutet. Die 
Muskelstructur desselben kann nnch dei- inicroscopischen 
XJntersuchung durchaus nicht zweifelhafb sein. Wegen seiner 
starken Chitinisiru ng kann dieses Tabchen nicht conti'ahirt 
werden.” (1872, p. §48.) 

He calls Aristotle to the support of his theory, and concludes 
triumphantly — 

“ So kommt man oft durch genaue tnikroscopische Studien 
wieder auf das zuriick, was die Volker vor Jahrtausenden 
richtig geahnt und benannt Imben.’* (1867, p, 158.) 
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Landois’s view, severel}" and effectively criticised by his counti’y- 
man Graber (1872), by Lloyd Morgan, and by Haswell, to 
mention only a few, was nevertheless accepted by Darwin (1871, 
p. 360), by Huxley (1878, p. 377), and by a large number of 
text'books. 

c. Accessory Stridulatino Apparatus of Tettigadin^. 

Jacobi (1907 c) was the first to signalise in the family 
Cicadidje the existence of a second sound-producing apparatus 
of a far less anomalous and complicated character tlian the one 
we have just studied. 

The subfamily Tettigadince, poor in genera and ‘species, is 
essentially a neotropical group of fairly laige, robust forms, 
with extremely well-developed tymbals, richly ribbed. On 
the lateial angle of the mesonotuni is an inconspicuous 
oval area without hair, but with a series of striae running 
parallel to the long axis of the body, and thus across the 
oval area, to Avhich they are confined. In Tettigades chilensis 
A. (S' 8., according to Jacobi, the ruts are not perj>endicular 
to the surface, but inclined to form short scales. We have 
been able to examine only Choiicsia ci'asaipennis (W^alk.), in 
which we have counted some 30 of these ridges (text fig. 59). 
Jacobi states that there are between 15 and 35 in all species 
of Tettigades and Chonosia studied, but only about 6 m Jiabras^ 

While in other cicadas the hind-base of the clavus forms 
approximately a right angle {posterior tuberosity of Araans), 
in Tettigades and Chonosia^ according to Jacobi, it is drawn 
out, while in Bahras, it is extended much further into a 
rounded lobe. This is the plectral portion of the stridulatory 
apparatus. But no one has yet recorded observations in the field 
to establish these assumptions, and we confess that in Chonosia 
crassipennis the anal lobe (text-fig. 59, pt.) seems little more 
developed than in oiMlinary cicadas, though a}>parently capable, 
nevertheless, of rubbing on the stridulatory surface (««.). 

This apparatus is equally developed in both sexes, and is 
explained by Jacobi as a “ Bcbreckmittel ” against such enennes 
as birds, the abdominal sound-organs being devoted to sexual 
purposes. We should like field-observations. 

In two of our largest New Zealand cicadas, Melmnpsalta 
cingidata and J/, strepitans^ there is a loud wing-clicking 
produced by both sexes and additional to the male^s song. 
It results from a rapid lateral movement of the wings from 
the roof-like resting po.sition to one at an acute angle with the 
body ; but the movement is so quick that it is impossible 
to be sure whether the noise is produ(;ed by friction between 
tegmina and hind-wings on each side, or between one or both 
pairs and the body. If the latter, then the development 
of the stridulating areas on the mesonotum of the Tettigadinae 
is only a further step in the same direction. 
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20. The Laryal Stages of the Plymouth Briichyura. By 
Marie V. Lebour, D.Sc., F.Z.S., Naturalist at the 
Plymouth Laboratory. 

[Received January 26, 1928 : Read March 20, 1928.] 

(Plates l.-XVI.; Text-figures l-5^) 

The present work is a survey of all the larval crabs which have 
been studied in the neighbourhood of Plymouth. Two preliuiiriary 
papers have already been piiblishetl on this subject (Lebour 1927, 
1928), on certain Spider- Orab.s, Pea-Crabs, and Ebalia ; the 
remaining species are describeil here so far as they are known. 
Further work has resulted in the rearing from egg to crab of 
three species, from egg to rnegalopa of several more, and others 
have ])een reared through some of their larval stages. It has 
been found necessary, however, to resort to the plankton to fill 
the gaps, and for the wliole life-history of several species when 
the berried crab was not forthcoming. In nearly all cases 
when rearing was successful, specimens from the platikton have 
been kept for comparison until they changed their skins, and the 
life-history as observed from the reared specimens was found to 
be normal. 

In tiie Plymouth district there are 37 species of Brachyura. 
and of these something is known, if not all, of the life-history of 
33. Only four have not been identified in tlie larval stages here — 
Ebalia tainefficUi^ Ach^ns cmnchii, Pisa biaculecitaj and Ift/as 
amnem^ and the last two of the.se have been described by other 
wor*ker’s. 

Wherever possible the crab has been hatcherl from the egg and 
a coloured drawing made of the first zoea. When the first zoea 
was not available a later stage was substituted. In this way 30 
zoese have been drawn in colour, 23 of which canre from the 
pre-zoea hatched from the egg. Larvie of the rarer crabs, which 
are hardly ever or seldom found in the adult state, occur at 
certain timevS of the year in plankton. In this way 2'hia polita, 
Pirimeladenticidata(i), ami Pinnotheres veterum were obtained as 
zoeae and reared to the inegalopse or crabs. Others which are 
fairly abundant have not been found in berry, but the larvae occur 
in the plankton and are recognizixble. Such a crab is Gonoplax 
rhomhoides^ which has not been found in berry whilst these 
researches were being made, but whose larvie are fairly common in 
late summer or early autumn t. 

* For •xplsnttron of the Pktee, tee p. S57. 

t Siaoe this paper waa read, a m berry was obtained outside the 

Sound, April Im. The eggs were a elear pinkish crtipson, in an early stage of 
development, and measured 0*36 mm., later 0*4 mm. These have not yet batched. 
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From these studies it has been found possible to distfnguish 
the larvte of nearly all the different genera and many of the 
species. Only in the few cases of very closely related genera^ 
such as PortunuSi Bathynectes^ and Polybnis^ the larvte are so 
much alike that, except for colour, it is almost impossible to recog- 
nize them, in a genus containing several closely-related species, 
such as Portunus^ it is also sometimes difficult to distinguish some 
of the species. On the whole, however, most of the crab larvce 
both in the zoea and megalopa can be identified. 

The eggs carried by the female hatch out as pre-zoesR, which, 
after a period of free existence from a few minutes only to several 
hours, gives rise to the first zoea. The pre-zoea is the first zoea 
enclosed in an embryonic skin of extreme thinness, furnished with 
long .spines on the antennules, antennsp, and telson, and having the 
first two pairs of maxillipedes free from the body and bimmoiis, 
but without setie, the abdomen being unjointed. Du Cane (1839) 
was the first to point out the true nature of the pre-zoea, his 
contemporaries regarding it merely as a weak zoea not properly 
developed. 1'he pre zoea is of great interest, as it jxissibly has 
affinitie.s with the naupHus of a pemeid and may perhaps be 
regarded as a metanauplius (Gurney, 1920). In this work, how- 
ever, it is merely regarded as an embryonic stage preceding the 
first larva. The larval stages with two pairs of swimming maxilli- 
pedes are called zoece^ the succeeding stage, still free-swimming 
but with all the legs functional and swimming by means of its 
abdominal limbs, being called the meyalopa. 

The Pre-zoea. (Text-fig. i .) 

All the British crabs seen hatch from the egg as a pue-zoea. 
This is almost certainly general, except in a few cases of certain 
laiid-orabs in which the young hatch from the egg in a very 
advanced state. Differences in the long embryonic spines are 
shown in various groups, but the telson always has seven spines 
each side. Following Faxon (1880), these are numbered here 
from the inside 1 to 7. The fourth is short and not hairy, and 
covers the spine which in the zoea forms the tip of the fork. 
Tlie seventh spine may or may not be hairy. The two spines 
covering the antennules may be of nearly the same length or of 
different lengths ; those covering the antenn© may be two, three, 
or four, all hairy, which come from the region of the exopodite, 
and a non-hairy sheath covering the spinous process. Another 
such sheath covers the flagellum in those forms which have an 
abbreviated life-history, and, consequently, have the flagellum 
(endopodite) precociously developed . Faxon ( op, cii, ) describes and 
figures the pre-zoea of Oarcinus very accurately. In the Braohy- 
rhyncba the telson has the seventh spine usually non-hairy^ 
although occasionally it may have a few hairs. It is often shorter 
than the others* The antennule has one long and one short spine, • 
the antenna three or four long spines over the exopodite and a 
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simple sheath over the spinous process. As the lirst zoea in the 
Brachyrhyncha has no flagellum, there is no trace of it in the pre- 
zoea. There are three spines in the Portunhhe, as seen in all the 
species of Portanusj in Hathi/nectes^ and in Carciniia^ four in both 
sj)ecies of Xantho^ in Piluninns, Cancer^ and Atelecychts. 1’hus, 
even in the pre-zoea., a natuial division is seen between the 
Portunidte on tin* one hand and the Cancridje and Xanthidje on 
the other. The Oxyrliyncha have a longer seventh spine on the 
telson, usually hairy ; the antennule has two long spines, except in 
Hyaa^ in which one is appreciably shorter than the otlier ; the 


Text-figure 1 . 



1 . Pre-/oca of Tortunu$ pnher. 

2. Telson of same. 

3. Telson of pre-zoea of Macropodia rottratus. 

4. Antennule and antenna of pre-zoea of Fortunus puher 

5. Antenna of pre<zoea of Afeleryelns. 


«. 

7. 

8 . 

9. Antennule 
10 . 

11 . 


Maervpodia. 

JUbaUa tuherosa, 

FiJumnus. 

Macropodia, 

Atelecjfclus, 

Mbalia, 


antenna has four setie over the exopodite, a simple sheath over the 
spinous process, and, in addition, there is a simple sheath over the 
fiagelluin which is present in the first zoea, except in llyaa, where 
it is so rudimentary that no sheath is visible. In Ebalia^ belonging 
to the Leucosiidie in the Oxystomata, the seventh spine of the 
telson is long and somewhat hairy, the antennule has two long 
spines, and the antenna, merely a rudimentary stump in the zoea, 
has two long spines. Ebatm resembles the Oxyrhyncha more 
than the Brachyrhyncha, the antenna differing from both. 

l%6re are thus seen to be three types of pre*zoea agreeing with 
the three main groups into which the Braehyura is usually 
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divided. It is almost certain, however, that the LeucosiidaD are 
not typical of the Oxystomata, as they are peculiarly modified ; 
and we know that some of the genera placed in this group are 
quite different from Ehalia^ having well-developed antennae and 
being modified in a quite different direction (Mhitsa, Dorippe)* 
Cano (1893) shows three spines covering the exopodite in Dorippe 
and one on the antennule, the seventh spine of the telson being 
hairy. 


The Zoeal Stages. 

From the pre-zoea emerges the first larval stage, or first zoea. 
The zoea is flattened from side to side, is provided with antennules, 
antennte, compound eyes, mandibles, first and second maxill®, 
first and second maxillipedes which are used as swimming-organs, 
and rudimentary third maxillipedes and walking-legs, all more or 
less well developed and wholly or partly hidden by the carapace. 
The carapace may be armed with spines, dorsal, rostral, and lateral, 
any or all of which may be absent, but typically the dorsal and 
rostral spines are long, the laterals short. The edge of the 
carapace is smooth or denticulated in the first zoea, or may have 
long hairs which are usually present in the later stages. The 
abdomen is not covered by the carapace, and consists typically of 
five joints plus the telson in the e«rly stages and six plus the 
telson in the later stages. The telson is typically forked and berirs 
spines. 

The telson is adapted for keeping up in the surface-layers, the 
outgrowths of the carapace and abdomen being adaptations for 
this end, the long spines being mainly for directive purposes. 
In rare cases the outgrowths have almost disappeared (Lencosiidm 
and some Pinnotherida*), and in these forms the zoea usually lives 
near the bottom. 

There may be two, four, or five zoeal stages. So far as is 
known, a crab with three zoeal stages has not been seen. 

The antennules in all but the last zoea are simple, un jointed, 
and armed with assthetes and spines. In the last zoea, however, 
they are usually jointed and biramous. 

The antennce typically consist of a basipodite with long spinous 
process and an exopodite, the end opoditef flagellum) usually ariKsiiig 
later. In those crabs, however, with only two zoese the flagellum 
is present, if only in a rudimentary state, in the first stage. 
The mandibles (text-fig. 4, 20, 24) are bilobed, very heavy, and 
usually bear a simple palp in the last stage. The first maxUlm 
(text-fig. 4, 21, 22, 26), or maxillules, vary little. There is a 
short and narrow exopodite, one- or two-jointed, bearing several 
setie, and two large endites which may be slightly subdivided, 
both bearing several setss. The second memUa (text-fig. 4, 23, 
25) 27), or maxilla, bears a large plate-like exopodite (the 
scapbognathite) with few setse in the first soea, in the last soea 
surrounded - by many, and three inner lobes with five or six 
endites, all bearing several setie* 
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The first and second maxilUpedes are modified in the zoea as 
swimming-organs. Each consists of a strong base with an 
exopodite of one or two joints bearing long sette, and an endo- 
podite of five joints in the first n)axillii)ede, of three, or rarely 
two only, in the second maxillipede. The first zoea always has 
four swimming'setee on the maxilUpedes, the second six, and, in 
those crabs which have more zoeal stages, the third usually has 
eight, the fourth ten, and the fifth twelve. The only exceptions 
in the British species, so far as is known, are Ehalia, which has 
four zoeal stages, the second and third both having six setae, the 
fourth eight, and Corystes^ which has ten in the thinl zoea, twelve 
in the fourth, and fourteen in the fifth. There are, however, cases 
known in some foreign crabs where there are ten setfle in both 
fourth and fifth stages (Hyman, 1920, in a species of Gelasimus)^ 
and there may at times be nine iii.stea<l of ten setae, or the normal 
numbers may vary slightly now and then in this way ; but this 
seems to be unusual, and, generally speaking, the above statements 
appear to hold good. 

The remaining limbs are rudimentary in all the zoeal stages^ 
although traces of them are usually present under the carapace 
in the youngest zoeae. In the last, or even in the penultimate 
zoea, the third maxillipede is usually bilobed, the first leg chelate 
and more or less jointed, and the remaining legs more or less 
jointed. None of these, however, function as walking-legs in any 
of the zoeal stages. The gills corresponding to the various limbs 
gradually ap[)ear. 

The abdomen consists of five segments plus the telson in 
the early stages and six plus the telson in the later stages, 
except in those forms which normally have the last segment 
fused with the telson, in which case there are five segments 
plus the telson in all the zoe^e. There are no pleopods on 
the first abdominal segment in any of the larvas, but they are 
present as rudiments on the second to the fifth segments from the 
first, second, or third stage onwards, becoming long and birainous, 
but still without setae in the last stage. The fifth pair of pleopods 
on the sixth abdominal segment is often smaller tbanthe others, 
and is rudimentary or absent even in the last stage, when the sixth 
segment is fused with the telson. The last zoeal stage can be 
recognized by the length of the pleopods. 

Tlie abdomen always bears a pair of more or less hook-like 
lateral knobs on the second segment in all zoeal stages. Further 
pairs of knobs, usually less hook-like, may occur on the third or, 
very rarely, on the fourth and fifth segments. In those species 
having them on the second and third segments only, those on the 
third may disappear in the later stages. The abdominal segments 
also bear fine hairs dorsall^, and may have lateral outgrowths in 
the form of spines at the hindmost comers. These spines usually 
only occur in the later stages, and generally only on the second 
to tbo fifth segment, althongk they may be" present earlier and on 

Vwm. ISmu SOO.-1038, Ko. XXXII. 32 
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The tehon is typically forked, and always bears six setaB inside 
the fork. In the British Pinnotheridae it tends to be plate-like, 
having three lobes with three setie each side between the central 
and lateral lobes, and outside lateral denticulations may or may 
not be present. In Ehalia the telson is also plate-like, slightly 
emarginate behind with the six seta in the centre, and outside 
lateral denticulations may be present or absent. In all the other 
British crabs the telson is forked, and may have three, two, or one 
outside lateral spine (even none at all in some foreign species). 
When there are three, in the later stages one or two may 
disappear. In the centre of the fork in the later stages one, two, 
three or four pairs of extra internal seta may occur. 

The characters used in the identification of the zoeal stages are 
the following: — 

Number of zoeal stages. 

Presence or absence of spines on the carapace. 

Character of antennae. 

Character of telson and its armature. 

Armature of abdominal segments. 

The Number op Zoeal Stages. (Text-fig. 2.) 

The number of zoeal stages may be five, four, or two. None 
are at present known with three. Certain foreign land-crabs 
forgo the larval stages altogether and hatch out in a state 
resembling the adult (Potaraonida). 

In the whole of the Oxyrhyncha so far known there are 
only two zoeal stages (text- fig. 2, i, 2), with the possible excep- 
tion of some of the Parthenopida, whose larval stages are 
described by Cano (1823 a) as being more like the Brachyrhyncha. 
It is possible, however, that these were not correctly identified. 

Pinnotheres veterum has apparently only two zoeal stages, 
Ebaiia four, but this genus is peculiar in having the second and 
third stages each with six set® on the maxillipedes, the fourth 
with eight (text-fig. 2, 3, 4, 5, 6). There are four in Careinus 
{text- tig. 2, 7, 8, 9, 10), Xantko, PilumnuSy Pirimela (?), Gonoplax, 
and Thia^ with four to t^n set® on the maxillipedes in the 
respective stages, and five in Porixmus^ Cancer (text-fig. 2, 11,12, 
13, 14, 15), and AteUcycliis with four to twelve seta on the 
maxillipedes in their respective stages. Oorystes is exceptional 
in having ten seta in the third, twelve in the fourth, and fourteen 
in the fifth stage. It is to be noted, however, that the American 
species, Cancer amcmus (Herbst), is found by Conolly (1923) to 
have only four zoeal stages, the last having 11 and 12 seta. 

The number of zoeal stages is important to a certain extent in 
distinguishing the varipiis forms, as it is easy to see that if azoea 
be far advanced in development but has few seta on the mfpril-^ 
lipedes, it must have only a few zoeal stages, and in this way 
certain genera may be eliminated. From the state ^f the 
pleopodsy together with the number of seta on the ms^llipedei, 
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we can usually tell approximately how many zoeal stages there 
are. Thus, if the pleopods are long and the setae only six, we 
must have a Spider-Crab or a Pinnotheres ; if long with eight setae, 
an Ebodia ; if long with ten setae, almost certainly CarcinvSy 
PiluinnuSi Xantho^ Gonophix^ Thia^ or Pirimela (?) — all of which 


Text-figure 2. 



1-2. Maia aquinado^ first and second zoea. 

3-ti. Kbalia tuheroaut first to fourth zoea. 

7-10. Careinus tmenaa, first to fourth zoea. 

11-15. Cancer paffuruCf first to fifth zoea. 

(All drawn to scale.) 

oan be distinguished from one another by ocher characters ; if 
long with twelve setae, it is almost certainly Portumis (including 
Bathynectea and Polybius), Cancer, or Atehcyclua ; if long with 
fourteen setae, Corystea, 

The above remarks apply to the British species. 

The Spines on the Carapace. (Text-fig. 3.) 

The spines on the carapace are rudimentary, very small, or 
absent in Ebalia (text-fig. 3, i ), where there is no dorsal spine at 
all, a very short remnant of a rostml spine, and very short 
laterals which may be reduced merely to rounded prominences. 
The dorsal spine is also absent in Pinnalherea piaum (text- 
fig. 3, a), which has well-developed rostral and lateral spines, 
the rost^ probably being reduc^ in the later stages. In the 
Inaohtnss there is only a dorsal spine (text-fig. 3, 3), the rostral 
and laterals being absent, and the lateral spines are absent in 
CmAnua (text^fig, 3, 4), Pirimala (?), and Euryn&ma. In all the 
other JBritish species there are well-developed dorsal, rostral, and 

32 » 
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lateral spines (text-fig, 3 , 5). Too much importance must not be 
attached to these spines except for convenience in identification. 
They are clearly developed for use in directing movement and 
keeping up the surface-layers, and their reduction appears to be 
associated with habits near the bottom. Closely-related species 


Text-figure 3 . 



1 . Carapace of Mhatia (from behind). 

2. „ „ Pinnotheres pieum (from behind) 

3. „ „ Inaehus (from behiu ). 

4. „ Careinws „ „ 

6. „ „ Portnnue „ „ 

(All drawn to acale.) 

may or may not have certain spines ; for instance, PoriunuB has 
them all, Cardnus has no laterals, and Pinnotheres veierum^ 
although possibly belonging to another genus, is clo.^ely related 
to P, puumj and yet one has ail the spines and the other has no 
dorsal. 


The Character of the ANTENNiE, (Text-fig, 4 ,) 

The antennsB are rudimentary stumps in Ebalia and Pinna- 
theres^ but are well developed in all the other genera. Excluding 
the Pinnotheridse in the remaining British Braehyrhyncha, and 
apparently in foreign species also so far as they are known, 
the first zoea has no fiagellum (endopodite), or only a trace of 
one, the spinous process and the exopodite being well developed 
[except in Xcmtho (text-fig, 4 , 10 to 13) and some of its foreign 
relatives, where the exopodite is rudimentary]. 

In the Oxyrhyncha the flagdUam is present in the first (text- 
4 , 16 to 19) zoea, even in Bya$ (text-fig. 4 , 14, 15), where it 
is very small, and is well grown in the second (last) zoea. The 
exopodite may be long or short, the spinous process always long 
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in both Brachyrhyncha (except the Pinnotheridee) and the 
Oxyrhyncha. 

Text-figure 4. 



1-6. Antenna of first to fifth zoea of AUlecyelu9, 
6~9. „ „ first to fourth zoea of Gomplax. 

lO-lS. „ „ „ „ Xantho, 

14-15. „ „ first and second zoea of 

16-17. )) tf Jfaia. 

18-19. „ „ „ „ Inaohus* 

20. Mandible of first zoea of Inachu$, 

21. First maxilla of second zoea of Inackut. 

22. First maxilla of first zoea of Caneer, 

28. Second maxilla of first zoea of Cancer, 

24. Mandible of fifth zoea of Jteleeyclns, 

26. Second maxilla of second zoea of Inaehwt, 

26. First maxilla of fifth zoea of Atetecpclus. 

27. Second maxilla of fifth zoea of Atelecfclus, 

(All drawn to scale.) 


The flagellum in the Brachyrhyncha (text-fig. 4, i to 9 ) usually 
appears in the second or third stage, gradually growing longer 
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in the fourth and fifth, and may or may not be slightly jointed., 
In Corystes it is very long in the later stages, much longer than 
the spinous process in the last zoea. The exopodite is as long or 
nearly as long as the spinous process in the Inachinte, in PUum-^ 
nu 8 , and in Gonoplax (text>fig. 4 , 6 to 9), and is a good deal 
shorter than the spinous process in Maia (text-fig. 4 , 16, 17), 
Hyas^ Eurynomy and the rest of the Brachyrhyncha, 

Cano (1892 h) regards the long exopodite as a primitive 
feature, as it is homologous with the antennal scale of the 
Caridea, but its presence in such widely-separated forms as the 
Inachinse, Pilumnus, and Gonoplax makes it very important to 
be careful in trying to find relationships. May not the long 
exopodite in the InachinsB be a compensation for the absence of the 
rostral spine ? When in the water the two long antennal spines 
are usually widely spread out, and probably do help in a large way 
in keeping the body up. On the other hand, the rudimentary 
stumps in Ehalia and PinnothereB are almost certainly acquired, 
and probably of use in the general reduction of outgrowth in a 
species living near the bottom. 

On the whole, the form of the typical antenna, with the 
exopodite about half, or rather more than half, the length of 
the spinous process, seems to belong to most of the zoese, which 
perhaps may be regarded as some of the most primitive : that is 
to say, the PoHunidie, the Orancridae, and the Corystidie ; but it 
is also present in Maia^ Eurynonw^ and Ilyas, 

The Akmatubjb of the Abdomen. (Text-fig. 5.) 

There is a more or less hook-like knob on each side of the 
second abdominal segment in all crab zoeae. There may be a 
smaller and usually rounder knob on the third segment, and 
this may or may not disappear in later zoesB. In Gonoplax (text- 
fig. 5 , 22 to 24), alone of the British forms, there are knobs on 
the fourth and sometimes on the fifth segments in all stages.. 
They are present also in Planes, described by Hyman ( 1925 ). In 
all the Oxyrhyncha, except Eyas (text-fig. 5 , 29, 30), which has 
a knob on the third segment also in both zoese, there is only the 
knob on the second segment. This is also the case in Caticer 
(text-fig. 5 , 15), AteUcydus (text-fig. 5 , 13, 14), Pitimda (?), 
Thia (text-fig. 6, 17), and CorysUs (text-fig. 5 , 16), in the 
Brachyrhyncha. In Portunus (text-fig. 5 , i-io), BaihynecUs 
(text-fig. 5 , it), Poh/bius (text-fig. 6, 12), Carcinm, Pdumnus, 
and Xantho (text-fig. 5 , t8 to 21) there are knobs on the third 
segment also, which persist in Alumnus and Xamtho, but in 
Portunus and Carcm%is {Baihyneotes and Polybius net being 
known in the later stages) disappear in the later zoese. In 
Ehalia (text-fig. 5 , 27, 28) and Pinnotheres (text-fig. 6, 25, 26) 
there are knobs on both segments in all stages. 

The significance of these knobs is difiicult to conjecture. It 
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Text-figure 5. 



1-0. Abdomen of Tortunwt jtuher, 6rf;t to bfth zoe&. 
6-10. „ P. depuratcPt first to fifth zoea. 

11. „ first zoea of HathynBctes. 

12. „ „ „ Folybins. 

13-14. „ first and fifth zoea of AUUeycIvs, 

16. „ first zoea of Cancer. 

16. „ „ „ Corystet. 

17. „ third zoea of 2%ia. 

18-21. ,) first to fourth zoea of Xantho. 

22-24. ,f first to third zoea of G<m<^lax. 

25. „ second zoea of Pinnoth$r»$ jfn»um. 

,, „ P. v$b07^m. 


27. 

28. 
29 -^. 

81 . 

32. 


fourth zoea of JSbalia tubcrota. 

„ „ E. cranehii, 

first and second zoea of Myae. 
second zoea of Eurymme. 

„ „ Macromedia. 

(All drawn to scale.) 
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is possibly a pnmitive fenture to have them on many segments, 
AS they are present in some of the larval Drovnia and Homolcu 
In support of this is the fact that they tend to disappear in the 
later stages of Portunus and its allies. Howevei*, Oonoplax is 
the only British species to have them on more than two seg- 
ments, and, apart from the long spinous exopodite, its other 
characters do not seem to justify its being regarded as a primi- 
tive form. 

In most zoe$e there are long lateral spines in the later stages 
on the second or thiid to the fifth abdominal segments, occa- 
sionally on all, and these occur rarely, even in the earlier stages. 
There are no lateral spines, or only in a rudimentary state, in 
CarctnttSy Thia, Pirimela (?), Ehalia^ and Pmnotheres, These 
spines probably help to keep the zoea in the upper layers, and 
may be specially useful in the later stages as the body becomes 
heavier. 


The Armature of the Telson. (Text-fig. 5.) 

The telson is of the typical forked form in most zoeaa. In 
both the British species of Pinnotheres (text-fig. 5 , 25, 26), but 
not in all the foreign forms, the telson is three-lobed, with three 
setae each side of the median lobe between this and the lateral 
lobes, and outside there may be one or several lateral teeth. The 
shape of the telson distinguishes Pinnotheres from all the other 
genera. Ehalia, also, has a very characteristic telson in the form 
of a flat triangular plate, somewhat emarginate behind, with six 
setae in the centre, having one or several lateral teeth outside 
(text-fig, 5 , 27, 28). The hindmost tooth, which may be the 
only one, corresponds with the point of the foiked telson of the 
typical zoe«e. The telson of both Pinnotheres and Ehalia is 
probably an adaptation to living near the bottom, the plate 
curling under the body, so that the zoess may easily assume a 
ball-like shape. All the other British genera have the typical 
forked telson, and also all foreign forms known except the 
Leucosiidfie and other Oxystomata. The telson may be armed 
in various ways, but always has the six set® inside the fork. 
One, two, three, or four pairs of extra shorter set® may occur 
in the later stages inside, thus dividing the six into two 
groups. Outside the fork there may be three spines, which 
may be reduced in the later stages to two or one, or there may 
be two in all stages or only one. In some foreign crabs there 
may be no lateral spines. The number is apparently constant 
for the genera, except in abnormal cases. The forked telson, 
armed with six set® inside the fork and three outer lateral 
spines each side, seems to correspond best with the arma- 
ture of the embryonic cuticle and with many pen»id larv®. 
This form of armature is present in Maia and Eury^iome^ in the 
Oxyrbyi^cha and in all the Portunid® known, also in JTonfAa and 
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Pihmnvs, In Maia there are no extra internal setaa ; in Eury* 
narne (text-fig. 5 , 31) there is an extra pair in the second zoea ; in 
Fortunm there is an extra pair in the second, third, or fourth, 
and two extra pairs in the fourth or fifth zoea. In PortunuB 
jniiber ftext-fig. 5 , 1-5), alone of the genus, one outer lateral 
spine disappears in the later stages. In all the other Portwnua 
species the three remain in all stages (text-fig. 5 , 6~io). In 
Careinua two disappear, and there are no extra internal setse. 
In Xantho (text>fig. 5 , 18-21) there are one and two extra pairs 
of internal setSB, whilst in Pilumnua thei’e are none, and in both 
Xantho and Pilumnua the three lateral spines are retained in all 
stages. In Xantho^ however, one lateral is so minute that it is 
hai^ljr visible, in all the remaining species there are fewer 
lateral spines. Cancer (text-fig. 5 , 15) and Atelecyclua (text- 
fig. 5, 13, 14) have two in all stages, the extra internal setae 
appearing in the later stages as in Portunua, Thus the telson 
of the later zoeae corresponds exactly with that of Portwnua puher, 
OonopUtx (text-fig. 5 , 22-24) lateral spines in all stages, 

with one and two extra interna! pairs of setie in the later zoefie. 
Thla (text-fig. 5 , 17) has one lateral in all stages and one extra 
internal pair of setie in stages two to four. Pirimela (?) has one 
pair of laterals in the last stage (only one seen) and one extra 
internal pair of setie, and Coryatea has one lateral in all stages, 
but differs from all the others in having one, two, three, and four 
extra pairs of setee in the second, third, fourth, and fifth stages 
respectively. Ilyaa (text-fig. 5 , 29, 30) has two pairs of laterals 
in both zoese and an extra pair of internal setae in the second, 
whilst the Inachinse (text-fig. 5 , 32) ha>e one lateral only in all 
stages and no extra setie. It is thus seen that almost every 
conceivable variation may be present, but that it is constant for 
the species and nearly always for the genus. 

It seems fi^om these facts that the telson most near the em- 
bryonic form, and therefore probably nearest the primitive form, 
is one armed each side wdth six spines or sette plus the fork and 
three lateral spines each side, a lesser number of laterals in 
certain cases being acquired in later stages and also the internal 
extra setse. These latter may perhaps be regarded as less 
primitive. If these be so regarded!, then we have Portunua with 
the most primitive telson in the Brachyrhyncha, and Maia and 
Eurynome in the Oxyrhyncha. Kow, the Oxyrhyncha all have 
very much abbreviated life-bistories, and aie pj*obably not so 
primitive as the Brachyrbyncha. It i^mains, then, that if the 
Brachyrhyncha are to be regarded as having the most primitive 
zoea, Portunua is the most primitive of these, in spite of the fact 
that the adult is modified for swimming, Pin^tunus having the 
following larval characters: many zoea! stages, a telson with 
three outside lateral spines, and three internal setae each side, 
besides the point of the fork, making seven spines in ail each 
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side, two extra pairs of internal setse arising later (in ParPmm 
puher only one of the outside lateral spines disappears in later 
stages); knobs on the abdominal segments 2 and 3, those 
on the third disappearing in later stages ; antenna with well- 
developed exopodite about half as long as the spinous process 
and ending in spines. 

It thus seems legitimate to regard the Brachyrhyncha as more 
primitive than the Oxyrhyncha, and this fits in with the most 
recent classifications. There appear to be two quite definite 
series, one represented by the Brachyrhyncha, the other by the 
Oxyrhyncha, both probably descended from some unknown 
common ancestor. There are very definite and important , 
characters separating the two groups, always excepting the 
Pinnotheridae, which in their larval forms are certainly more 
like the Leucosiidae than the Brachyrhyncha. The Oxy stomata 
are somewhat perplexing, as the Leucosiidte have larvae which 
are not in the least like those of other members of the group. 
They are placed here between the Brachyrhyncha and the 
Oxyrhyncha. 

The characters of the megalopsB given below agree with this 
division ; but before describing these, a key of the Plymouth zoea 
is given which enables one to distinguish the genus in nearly 
every case. This key is based on all characters, and does not 
pretend to be a natural classification. 


Aey to ih& Zoom, 


I* All spinet on carapace rudimentary. Four zoeal stages 
(the second and third both with six seise on the 
maxillipedet) JEhaUa, 

II. Only dorsal spine present on carapace. Two zoeal 
stages. 


1. One large lateral spine on telson 

2. One rather small lateral spine on telson 

III. Dorsal and rostral spine present on carapace; no 

laterals. 

1. Spines carved ; length from tip of dorsal to tip of 

rostral about equal to, or shorter than, the body- 
length. 

a. Two zoeal stages. Antennal fiagellum well de- 
veloped in first zoea 

fi. Four zoeal stages. Antennal fiagellum quite 
rudimentary in first zoea 

2. Spines nearly straight ; length from tip of dorsal to 

tip of rostra] longer than the body-length. Four 
zoeal stages 

IV. No dorsal spine on carapace. Laterals and rostral 

present. More than two zoeol stages (exact number 
unknown) 

y« All four epines pratent on carapace* Two, four, or five 
zoeal stages. 

1. Spines on carapace armed with spicolee. Two zoeal 
•tagea 


Inachu$, 

Macroftodia* 


Murynome, 

Careiniu, 

JP{rim§la (f>). 
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2. Spines on carapace smooth. 

a. Lateral spines long, curved downwards and back- 
wards. Two zoeal stages 

ft* Lateral spines short, sticking out horizontally or 
slightly bent. 

a. Dorsal and rostral spines each shorter than the 
length of the carapace. 

X Hind border of abdominal segments denti- 
culated. Exopodite of antenna nearly as 
long as the spinous process ; pointed. Four 
zoeal stages 

X X Hind border of abdominal segments not 
denticulated. Exopodite of antenna about 
two-thirds the length of the spinous pro- 
cess; ending in spines. Two zoeal stages . 

/3, Dorsal and rostral spines each longer or equal 
to the length of the carapace. 

X Exopodite of antenna rudimentary. Four 
zoeal stages 

X X Exopodite of antenna w'ell developed. 

O Exopodite of antenna almost the same 
length as the spinous process; pointed 
knobs on 2nd to 4th or 5th abdominal 
segments. Four zoeal stages 

OO Exopodite of antenna from one-third to 
two-thirds length of spinous process; 
ending in spines. Hot more than tuo 
pairs of knobs on abdominal segments. 

6 TeUon with two lateral spines in all 
stages. Five zoeal stages. 

O Dorsal and rostral spines long, nearly 
straight. Antennal exopodite about 
one-third the length of the spinous 
process 

00 Dorsal and rostral spines moderately 
long, curved, but straightcr in later 
stages. Antennal exopodite half or 
two-thirds as long as the spinous 
process 

0 ^ Telson with three lateral spines in all 

stages. Five zoeal stages 

Bathynect 0 » i 
only known 

000 Telson with one lateral spine in all 
stages. 

0 Rostral spine more than two- thirds the 
length of the dorsal spine. Five 
zoeal stages 

®0 Rostral spine less two-thirds the 
length of the dorsal spine. Four 
zoeal stages 


Pinnotheres veterum, 

Filumnus, 

Maia. 

Xantho, 

Gonoplax. 

Cancer, 

Meleeyclus, 

Foriunus^ (including 
nd FolybinSf which are 
in the first zoeal stage). 

Coiystes, 

Tkia, 


* FortWMM pnhsr is exceptional in having the lateral spines reduced to two 
in the later stages (sse nnder that species). 
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The CharacterB of the Zoece in Different Genera, 


Genus. 

Number 

of 

zoeal 

stages. 

Spines on 
carapace. 

Lateral spines 
on telson. 

Knobs on 
abdomen. 

JPortunus 

6 

All present. 

3 in all stages (ex- 
cept P. pubar, 
where they are 
reduced to two 
in the later 
stages). 

2 pairs reduced to 

1 pair. 

£atkyn0cte$... 

Probably 

6 

tt 

All present (only 
first zoea known). 

2 pairs in first zoea. 

JPolyhiuB 

it it 

it 

ti 

it 

Caneer 

« 

»* 

2 in all stages. 

Ipair in all stages. 

Aieleeyclus ... 

» 

>» 

2 

it 

CorysteB .... 

)> 

»» 

1 

It 

Tkia 

4 


1 

it 

Firimela (?)... 

it 

No laterals. 

1 (only last zoea 
known). 

1 pair (only last 
zoea known). 

Careinua 

it 

}) 

8 reduced to 1. 

2 pairs reduced to 

1 pair. 

Xantho 

it 

All present. ' 

3 in all stages. 

2i>air8inallBtages. 

Pilumnus .. 

it 

1 

it j 

13 „ 

»» 

Oonaplax.., . 

it 

it 

2 

8 or 4 pairs in all 
stages. 

JShalia 

it 

All rudi- 1 
meutary. j 

1 1 to 3 in all stages. 

2pairs in all stages. 

Pinnotheras 

piaum. 

3 or 4? 

No dorsal. ^ 

i 

1 and a few denti- 
culations. 

It 

P. veterum ... 

2 

All present. | 

1 in all stages. 


Maia 

ff 

>» 

3 

1 pair in all stages. 

Eurymma 

1) 

No laterals. 

2 

It 

SyM 

it 

All present. 

2 

2 pairs in all stages. 

Inachua 

»» 

Only dorsal 
present. 

1 

1 pair in all stages. 

Maeropodia.,. 

a 

it 

1 

»» 


The Megalopa. 

The last zoea changes to the megalopa^ which^ instead of 
swimming with its maxillipedes, uses its pleopods, now provided 
with long setia, the abdomen being held out horizontally and the 
maxillip^es functioning as mouth-parts. The body is flattened 
dorso-ventrally* The third maxillipede is fully developed and all 
the legs, the form being crab-like except for the fact that the 
abdomen is not normally curled under the body, although this 
can now-be done. 
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In none of the Britisli species studied is there more than one 
megalopal stage, and this changes directly into a crab. Cano 
has described two megalopal stages in several cases. It may be 
the fact that some foreign crabs have two, but in those he 
describes {Filumnus^ Qmoplax)^ which are also British species, 
there must be some mistake. The explanation seems to be that 
the megalopa certainly grows, and has a different appearance 
when lirst emerging from the zoeal skin. When ready to cast 
its skin, it looks more like the crab, which shows through the 
megalopal covering. It is to be noted also that Canons (1890) 
specimens of the megalopa, which he regards as Gonoplax^ do not 
belong to that genus, but probably to Cancer or Pirimela, The 
megalopje may be distinguished from one another by the following 
characters: — Form of rostrum or front of carapsce. Presence 
or absence of median dorsal spine on carapace, or other spines 
and prominences. Presence or absence of feeleis on last legs. 
Number of 8et» on last pleopods. Number of hooks on 
legs. 

The rostrum is absent in Ebcdia and in Pinnotheres veterum 
(probably in the other species of Pinnotheres)^ where the carapace 
has merely an undulating front margin slightly protruding in 
the centi’e (PI. XII. fig. 9 ; PI. XIII. figs. 8, 10). In all the 
other British crabs where the megalopa is known there is a 
rostrum. This has one spine in Portunus (PI. Y. fig. 1), 
Poriumnus (PL VI 11. fig. 1), Cardnus (PL VI I. fig. 4), 
Pirimela(^) (PL YU. fig. fi), Cancer (PL X. fig. 3), Alelecychts 
(PL IX. fig. 5), 77u*a (PI. Ylll. fig. 8), Pilummis (PI. X. fig. (5) ; 
and Mala (PL XIY. fig. 6) is almost square in Gonoplax (Pl.XlI. 
fig. 3), two-horned in Inachxis (PL XV. fig. 2), thi*ee-toothed 
in Ilyas (PL XIY. fig. 9) and Corystes (PI. XIII. fig. 2), square 
with a central prolongation and a spine at each angle in Xantho 
(PL XI. fig, 8), and bluntly trilobed in Macropodia (PI. XYI. 
fig. 1 ), In many forms it is turned down at an angle so that the 
central spine hardly shows, or it may stick out horizontally. 
There is a dorsal spine on the carapace in ZTt/as, Corystes^ Cancer, 
Atelecyclus, and Pirimela (?) ; and there are sevend extra spines in 
Macropodia and Inachus, two spines in front in Gonophtx, con- 
spicuous knobs in the Portunida), Xantho and Pilummis, incon- 
spicuous knobs in Ebalia (PI. XIII. fig. 10) and Pinnotheres 
(PL XII. fig. 9), and a smooth carapace in Thia. There are 
usually hooks on some of the legs ventrally on the cox® and 
ischia and sometimes on the other joints, which are described 
under the various forms. Feelers in the shape of coarse curved 
set® are present on the last joint of the legs in all the Brachy- 
rhynoha studied, and this seems to be a distinct feature of that 
group. In the Pinnotherid® (PL XII. fig. 9) alone are these 
absent. They are, iiowever, absent in all the Oxyrhyncha 
(PL XYI.) and in EbaUa (PI, XIII. fig, 8). The numl®r of 
set® on the last pleopods is usually constant for the species. 
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forming good distinguishing characters. The carapace of Cori/9t$$ 
is exceptional in having lateral teeth. 

It is possible, from the details given above, to recognize the 
megalopa of every British genus where it is known, and now 
only those of Pisa and Achcem, in the Oxyrhyncha, and Polybius 
and Bathyructes^ in the Brachyrbyncha, remain to be discovered. 
The presence of feelers on the last joint of the last legs cuts off 
the Brachyrhycha (with the exception of the Pinnotherida*.) from 
the Oxyrhyncha and from Ehalia^ so that two natural groups are 
formed, Pinnotheres and Ehalia remaining outside. 

It seems impossible to iind anything primitive in a megalopa, 
which is decidedly a very specialised larva, present in almost all 
crabs, but the characters do fit in well with those of the zoess so 
that a natural classification may be arrived at, which, with a few 
exceptions, agrees well with the existing classification of the 
adults. 

Thus, as before, taking the Brachyrbyncha as the most primitive, 
we have, going with the group, the presence of feelers on the last 
legs. It is possible that this may be a device for cleaning the 
branchiffi, but so far no special function has been detected, and it 
is difficult to see why, if this were the case, it should not be 
wanted in the other groups. A key to the megalopse is given in 
order to identify the genera. 


Key to the Megalopce^ 


I. No feelers on last joint of last le^. 

1. Bostrum absent. 

a. Six abdominal segments, including telson Tinnoth 0 re$ 

(P. veterum only known). 

h. Seven abdominal segments, indudiiig telson JShalia. 

2. Rostrum present. 

а. One dorsal spine on carapace, rostrum three-toothed,.. PTynt. 

б. Several dorNal spiues on carapace. Six abdominal seg- 

ments only, including telson. 

a. Dorsal spines long ; rostrum bent down, forming 

three lobes Macropodia, 

3. Dorsal spines short ; rostrum two-homed, sticking 

out horizontally Inaekus, 

c. No dorsal spiues on carapace, but rounded protuber- 
ances ; broad rostrum bent down, almost hiding a 
centra] spine 

a. Rostral spine large and pointed; 3 seta on last 

pleopods Xurpwmo, 

Rostral spine sharp and small; 3 set» to last pleo- 
pods Maia, 

{I. Feelers on last joint of last legs. 

. Dorsal spine on carapace. 

a. Rostrum with 3 spines. Lateral spines to edge of 

carapace CorysUs* 
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h, Rostram finely pointed, not bent. No lateral spines 
on edge of carapace. 

a. Dorsal spine of carapace sticking out horizontally 
behind. 

X 10 setaj to last pleopods Ateleeyclu$, 

X X 8 setaj to last pleopods Cancer. 

/3. Dorsal spine hook-like, sticking up from near centre 

of carapace ; 7 setm to last pleopods Piritnela (?). 


2. No dorsal spine to carapace. 

a. Rostrum square or squarish. 

u. Rostrum square, without spines Oonoplax. 

Rostrum squarish, with spine at the outer angles 
and a central bent protuberance Xantho. 

b. Rostrum pointed. 

a. Carapace smooth Thia. 

p. Carapace with knob-like protuberances. 

X Protuberances very conspicuous PiJumnne. 

X X Protulwjrances not conspicuous. 

O 6 setaj to last pleopods Carcinue. 

00 More than 5 setaj to last pleopods ... Portunus (inclu- 

ding Portumnua and probably 
Sathpnectea and Polyhiva). 


Methods of Bearing. 

The crabs were reared in pliinger-jai*s, aerated aquaria, and 
email bowls, the plunger-jars in which three species were reared 
from egg to crab proving the best. The most effective food was 
oyster larvae taken from the parent oyster wdien ready to swim. 
The larvae pipetted out into the aquarium, scattered themselves 
all over the jar, and were eaten by the zoeae. Other lan fe given 
and eaten were Pomatoceros larv», Echinm larvae, and Tertdo 
larvJB from artificial fertilisations. Crab eggs were eaten, but no 
larvae were reared on these and the later zoeae ate smaller zoeae, 
Inachus zoeae were seen to eat very young herrings, which were 
hatched from the egg in the same jar. No larvae were reared 
•on a purely vegetable diet, although the most successful experi- 
ments were in jai-s containing green algae and diatoms as well as 
the animal food. Pinnotheres pisum fed well on Nitzschia when 
in the fiirst zceal stage, but never shed their skins. The raegalopae 
were fed on small pieces of the mantle of the common mussel, 
MytH^ edvlis, and the small crabs also ate this and grew*. The 
orabs laaiad from the egg were fed on oyster larvae from the 
first to the last zoea and on mussel from the megalopa through 
the crab stages. One ciab, Pofrtunus pvber^ is still alive, aged six 
months and in the ninth crab stage. Zoeae and megalopae from 
the plankton were fed in the same way. 
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The following is a list of all crabs reared through any stage : — 


From egg to 9th crab stage. 


n 

n 

II 

♦I 

II 

ji 

II 

II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 


II 


»i 7th I, 

II tf 

megalopa 

II I* 

II II 

II II 

,, last zoea 

II II 

II II 

II II 

11 II 

„ third ;soea 

II II 

„ second zoea 

II «i 

II II 

II 11 

„ first zoea 

II II 

II II 

If II 

II 11 

II I’ 

I* If 

II II 


PoHunus puher, 

Inachns dorsettensU. 

Xantho ineisus, 

^Inaehus dorphnehut. 

^Maia squimdo, 

^Macropodia longiroetris, 

*3f. ro9tratu9, 

^InachuB leptocheirut, 
*Macropodia egyptia, 
^JEurgnome aepera. 

^Pilumnus kirtellus, 

^CarcinuB manas, 

^Cancer pagurui, 

^PortunuB dipurator. 

•P. putilluB. 

*P. hoUatus. 

•P. marmoreus, 

*AteUeyelui eeptemdentatuB, 
^JEbatia tuberota. 

eoaretieus. 

Xantho hgdrophiluB. 

Portunus cormgaiut. 

* P, arcuatuB, 

Bathyneetes longipes, 

Polybius henslowi (from 
Pinnotheres pisum. Todd). 


Larv« from the Plankton 

First zoea to meA,^alopa and crab 

II II II 

Second „ „ 

„ II only 

Last „ and crab 

First zoea to last zoea (megalopa from last 

zoea) 

Megalopa (crab from megalopa) 

Larvse not seen at all 


Corystes cassiwlaunns, 
Gonoplax rhomboides* 

Thia polita. 

Pinnotheres veterum. 

Pirimela denticulata (?). 

Bhalia cranchii. 

Portumnus higuttatus (from 
Jchatus cranchii, CSuinoy). 
Pisa hiacuteata, 

Biyas araneus, 

Bhalia tumefacta. 


* Crabs marked * show that the rest of tlie life-history was finished from the 
plankton, and the crabs reared from the megalopte. 

The Plymouth crabs are pven below arrang;ed according to 
Borradaile’s (1907) classification. Whilst the larval forms, for 
the most part, fit in very well with this classification, closely- 
related forms usually having definitely related larvie, there are 
certain outstanding anomalies which should be mentioned. As 
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an example of a naturally related group we may take the Portu- 
nifla^, the larva? of which agree in every essential, so that it would 
he possible to pick out a Portunid larva in any stage- Again » 
Xantho agrees very well with some of the foreign Xanthidse 
larvm recently described, and we could easily recognize a relative. 
Any of the Inachina? can be distinguished at a glance, and one 
of the Oxyrhyncha can be separated from one of the Brachy- 
rhyncha at any stage. The greatest puzzle is the close resem- 
blance between some of the Pinnotheri<lje anti Leucosiidce. Now, 
the PinnotheridaB are placed, and apparently rightly, in the 
Brachyrhyncha, being presumably closely related to theCh-apsidce. 
This is borne out by Hyman's (1925 a and h) recent descriptions 
of the larva? of Planes and of the Pinnotherida?, Planes links 
up well with Pinnotheres through Dissodactylus. Unfort.unately, 
we do not know the megalopse of any of these except the Plymouth 
Pinnotheres reterum^ but the zoese are clearly related in this 
secpience. Ehalia belongs to the Leucosiida*, and is the only 
British representative of the family and of the Oxystornata. 
Gurney (1927) figures zoese of Lencosia from the Red Sea, and 
these are very like Ehaliay but also one of them is striliiiigly like 
Pinnotheres pisum. The only other larval oxystomes known are 
the very peculiar Porippe ri\(\ Ethusa^ which are extremely unlike 
Ehalia and Lencosia. On examining the Ehalia larva? we find 
they resemble those of Pinnotheres pisv.m very closely in the 
zoere, and the niegalopa resembles tliat of P. veterum^ the inegalop» 
having in common two characters so far not found in the 
Brachyrhyncha — the absence of rostrum and of feelers on the 
last legs. The latter character is shared by the Oxyrhyncha. 
The only explanation at all reasonable for the likeness in the 
zoea? is their common adaption to a life near the bottom instead 
of near the surface, but this does not explain the megalopal 
cliaracters, and the facts remain a puzzle. 

Cunningham (1891) has shown clearly that Aielecyclus is very 
closely related to Cancer. This is abundantly proved by its larval 
forms, which resemble one another in almost every impoi-tant 
particular. Pirimeluy usually placed in the Cancridie, is, if my 
identification of the larvfe be correct, more closely related to the 
Portuni<lje, especially to Carcinus, but differs from all enough to 
place it in a family of its own. lEia, which is usually placed 
with differs very considerably in the larva, and should, 

1 think, Iw placed in a separate family near Corystes, both being 
near the Oancrida*. Amongst the Bpider-Crabs Eurynome is very 
like Maia in its larva, and not like the larva? of the Parthenopidm 
described by Cano, whilst from the descriptions of Pisa by Cano 
and Goun‘et it should be closely related to Inachus and not to 
to ffyas. The following arrangement is suggested as showing 
best the larval affinities. It remains for the future to show 
whether the innovations are justified. 

Paoc. ZooL. Soo.— 1928, No. XXXIII. 
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BKACHYBHTNCHA. 

Family Portunidje. 

Subfamily Pohtuninje, 

Genus Portunus. 

Bathynectbs. 

Polybius. 

Subfamily Caucininm. 

Genus Carcinus. 

Subfamily Pohtumxinae, 

Genus Portumnus. 

Family Pirimelidjs. 

Genus Pirimela. 

Family CANORiDiE. 

Subfamily Cancrinae, 

Genus Cancer. 

Subfamily Atelecyclina£. 

Genus Atelecyclus. 

Family OoRYSTiDiE. 

Genus Corystes. 

Family T h 1 1 d 

Genus Thia. 

Family Xanthid^. 

Subfamily Xanthinac* 

Genus Xantho. 

Subfamily MEXiPPiNAi:, 

Genus Pilumnus. 

Family Gonoplaoidjb. 

Genus Gonoplax. 

Family Pinnotheridjb. 

Genus Pinnotheres. 

OZTSTOXATA. 

Family Leucosiibjs. 

Genus Ebalxa. 
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OXYRHYNCHA. 

Family M A i 

Subfamily MAiiN^fn. 

Genus Maia. 

Eurynome. 

Subfamily PrsiN^, 

Genus Hyas, 

Pisa (?). 

S u bf am i 1 y Jna cmy:. k. 

Genus Inaohus. 

Macro PODIA. 

Ach^us. 

The Oxystomata have been placed between the Brachyrhyncha 
and the Ox3"rhyncha to show the resemblances to both. In 
support of their likeness in some ways to the Brachyrhyncha, we 
have Garstang’s (1897) suggestions as to the Oxystomata being 
possibly derived from the Portunidie. 

A comparison of the suggested classification given above with 
the list of Plymouth crabs arranged according to Borradaile given 
below is interesting, for whilst the larval characters in some 
groups fit in well with his classification, in othens a dififerent 
arrangement seems necessary. 

The Plymouth Brachyura arranged according to 

Borradailk's Classification. 

Tribe BRACHYURA. 

Sub-Tribe BRAOHYGNATHA, 

Superfamily BRACHYRHYNCHA. 

Family Corystidas. 

Genus Coeystes. 

Cory$1s8 caasivelaunuB (Pennant). 

Family ATBLBOYOLiDiE. 

Subfamily AtelecycunjE. 

Genus Atblbcyclus. 

Atelecydus eeptemdewUUus (Montagu). 

Subfamily ThiinjB. 

Genus Thia. 

Thia poUia I^eaeh. 

33 * 
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Family Cancridab. 

Subfamily CAKCiUKuii.. 

Genus Cancer. 

Cancer pagurue L. 

Family Pirimelid^. 

Genus Pirimela. 

Piriniela denticulata (Montagu). 

Family Portunid^. 

Subfamily Caiwisidin^'E. 

Genus Carcinus. 

Cardnus nmyiaa Penn. 

Subfamily PoiiTVMmKJi£, 

Genus Portumnus. 

Pcrtnmnus hxguttatus (Risso). 
Subfamily PoRTVKth\r., 

Genus Portunus. 

Porttmua pvher (L.). 

oorrugatus (Penn.). 
arciiatus Leach. 
pusillus Leach. 
marmoreus Leach. 
holsatus Fabricius. 
depurator (L.). 

Genus Polybius. 

Polyhiua henaloioi Leach. 

Genus Bathynbctes (Risso). 

Family Xanthidje. 

Subfamily XantbikjE, 

Genus Xantho. 

Xantho incisua Leach. 

hydrophilua (Herbst). 

Subfamily MEmPPiNu^. 

Genus Pilumnus. 

Pilumnua hirtellus (L.). 

Family Carcxnoplacibas. 

Genus Gokoplax. 

Qonaplax rhomhoidea (L*). 
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Family Pinnothekid^. 

Genus Pinnotheres. 

Pinnotheres pisum (Penn.). 

veterum Bose. 

Superfamily OXYRHYNCHA. 

Family Parthknopidjb. 

Subfamily Pahthknopik^. 

Genus Eurynome. 

Eurynome mpera (Penn.). 

Family MaiiDjE. 

Subfainil}’^ Inaciitnae. 

Genus Inacuus. 

Inachue (Penn.). 

dorynchus Leach. 
leptocheirua Leach. 

Genus Macropodia. 

Mact'opodia longirostria (Fabricius 
roairatus (L.). 
egypiia A. M.-Ed wards. 

Genus Arii.Eus. 

Acheeiis cranchii Leach 
Su})fumily Pjsijwe, 

Genus Pisa. 

Pisa hiaculeaia (Montagu). 

Genus Hyas. 

Ilyas araneus (L.). 

coarctaius Leach. 

Genus Maia. 

Maia sqainado (Herbst). 

Sub-Tribe OXYSTOMATA. 

Family LEUCOSiiDiB. 

Subfamily Licvcosiii\f.±,. 

Genus Ebalia. 

Ehalia tuberosa (Penn.). 

tumefacta (Montagu). 
cranchii L^ch. 
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Previous Work on the Larval Brace yura. 

There has been little detailed work on larval crabs, chiefly 
because of the ditliculty in rearing them. Some of the earliest 
naturalists hatched out the eggs and obtained pre-zoese and 
zoecB. The first to understand that these were actually crab 
larva) was E. V. Thompson (1820), who hatched out Cancer 
pagurus. He was so little credited that for several years it was 
not universally believed. Before that time many larval forms 
were regarded as separate genera, Montague (1804) and Leach 
(1815) naming and describing several larvje in this way under 
the generic name of Megalopa, Du Cane (1830) was the first to 
realise the true nature of the pro-zoeae in Cardnus, Many other 
naturalists later hatched out other zoea): — Goodsir(l842),Kinahan 
(1846). Couch (1843) hatched out several and (1853) reared 
Cancer to the megalopa. Bell (1853) mentions several workers 
who had hatched out the larvae, but liardly any consecutive life- 
histories were followed up. Spence-Bate (1858), by collecting 
the larval stages from the plankton, described fairly accurately 
the whole of the life-history of Carcinns mcenas. Although this 
account is extremely valuable because of its containing so much 
that is new, it is not entirely to be relied on, as was pointed out 
by several workers a little later. Brook (1884) gives accurate 
drawings of the megalopa and young stsges of the same species. 
Claus (1876) descril)es and figures several crab larvce, and from 
this time onwards there has been a continuous stream of work on 
larval crabs. Of these, Faxon (1879-80), Conn (1884-87), and 
Smith (1873-82) in America made important additions to our 
knowdedge and studied the first zoesB and embryonic cuticle. 
Gourret (1884) hatched out some larvae at Maiseilles, and Cano 
(1888-92), whose work is of the greatest importance, published 
a series of papers on the various stages and relationships of the 
larvae of the Mediterranean crabs, both zoeue and megalopse, and 
also their embryology and young crab stages. Many of these 
are still the only descriptions available of certain species ; but 
although hatching several from the egg, Cano did not succeed in 
rearing them, and therefore was obliged to make up the gaps in 
the life-histories from the plankton. It necessarily followed 
that many stages were omitted and others were not correctly 
identified. Gurney (1903) describes the life-history of Coryatea 
eaaaivelaunua from Plymouth, like Cano, picking out the different 
stages from the plankton. He also describes the pre-zoea and 
zoea of Eurynome (1924 a), and has recently made some very 
interesting suggestions (1924-27) as to the significance of the 
embryonic cuticle. His monographs on the decapod larvte of 
the * Terra Nova’ and the Cambridge Suez Canal Expeditions 
describe some interesting zoeae (1925-27). Pearson (1908), in 
his work on CaTwer pagurus^ states that he was unable to rear 
the larvae, and only figures it as far as the first zoea, Williamson 
(1900-1915) also describes these early stages, and in a series of 
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papers culminating in bis survey of the decapod larvsa in 
* Nordisches Plankton ’ be gives accounts of several zoeae and 
ixiegalopae of the British crabs, not, however, succeeding in rearing 
any species through its various stages. Miss Jorgensen (1918) 
reared Carcinus mmncLS from egg to megalopa in aerated aquaria 
at Oullercoats, and describes the life-history of an Ebalia (1923). 
8chlegei (1911) was apparently the first and only vrorker to rear 
any crab through all its larval stages to the crab. At Eoscoff he 
succeeded in rearing Maia squinmlo from egg to young crab. 
Unfortunately, he does not describe his metliods or give any 
figures. Bjork (1913) descril)es the life-history of Portunus 
depxirator from the plankton, but did not rear it, and various 
authors hnve described zoeic and megalopa? of <liflerent crabs from 
plankton samples up to the present time. Of these, the most 
important are by Conolly (1913-14) and Hyman (1920-27), the 
first desciibing the life-history of the American crabs Cancer 
ammnus and Rhithropan opens harrisiy the second publishing 
several accounts of the larvae of certain families — Pinnotherida?, 
Grapsidae, and Xanthidic — besides a separate paper on Gelasimvs* 
These are all valuable additions to our knowledge of crab larvae, 
but they are nearly all from plankton samples, except for the 
first stages, many of which were hatched from the egg. In very 
rare cases these were reared to a stage or two later. Up to the 
present time there are clearly very few accounts of any crabs 
reared through many laival stages. In 1927 I published an 
account of Jnackm cIo7*$ette7tsis, Jl^Jacropodia lonffirostris, and 
Alaia sqninado reared from egg to megalopa, the young ciubs 
being reared fioin megalojia* collected from the plankton. Later 
(1928) a sliort paper w^as published oii the larval stages of Ebalia 
and Piimotkeres. 'i'ho present work shows further pi'ogress in 
that thi'ee species have been reared Irom egg to crab, several 
more to the megalopa, and many others thiough various zoeal 
stages. 

Habits of the Ckab Larv^. 

The pre-zoe«e and zoea? nearly always tend to move towarda 
the surface and light. Directly the eggs hatch the pre-zoea 
wriggles upwards, and in an aquarium is easily removed by a 
pipette. With the exception of the zoese of EMia and Pitmo- 
thereSy wl>ich habitually curl up in balls, the zoea also moves 
upw^ards and towards the light. The megalopa, although often 
coming up to the top, is more frequently seen near the bottom* 
The long spines of the carapace are mainly for helping in 
directing the movements of the zoea (Wheldon 1889), but also help 
in keeping it up together with the other outgrowths of the body, 
telson, abdominal spines, and antennie ; whilst the first and second 
mazillipedes are used for swimming, the outspread setas forming 
a broad surface with which to beat the water, the abdomen being 
brought under the body and out again. Gurney (1903) draws 
attention to the fact that the long spines are present before the 
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auditory organs are functional, disappearing in the megalopa 
when that organ begins to be of use. As tlie larva grows and 
the later zoeal stages are reached, the body is heavier and more 
setje npi^ear on the swimming-maxillipedes, long spines usually 
growing out from the abdominal segments. 

In the plankton taken from* outside the Brea,kwater, from near 
the bottom to the surface, the larval crabs occur at all depths, 
but frequently are not so abundant in the actual surface-layers 
as in those lower down. This fact is borne out by RusseH’s 
researches on the vertical distribution of marine niacroplankton 
{1927). He states “ it will be noticed that while, usually, they 
avoided the actual surface-layers, they were frequently numerous 
right up within 5 metres of the surface.” He found, however, 
that Ehalia was absent above 20 metres. Nearer inshore, how- 
ever, it comes into shallower water, although always preferring to 
be near the bottom. Savage (1926) finds Foriunub in the upper 
layers. Russell found that there was a tendency for the megaiopse 
of all crabs to l)e slightly deeper in the water than the zoea?. 
Swarms of one species frequently occur — Corystes in the spring, 
Portunua in the summer are often seen in enormous numbers, and 
sometimes Inachus and Macropodia in spring or autumn. Car^ 
cimis, although very common in the Hound, seems to scatter itself 
more, although at times many may be seen together. The first 
young crab stages of PorUinm sometimes occur in large numbers 
in the plankton. Very young Carc{7ius, from alx)ut the second 
young crab stage, may be found along the shore among stones, and 
also Portunus puber at very low tide. Cunningham {op, cit,) also 
found Cancer pagurus in the first young stages under stones at 
low tide. No doubt with careful seai*ch other species would be 
found. A list of the breeding crabs, so far recorded, is given at 
the end of this section. 

The natural food of the crab zoe» consists of planktonic 
organisms — diatoms and probably other microscopic plants, and 
small animals, chiefly larval forms. The stomach usually contains 
debris also, which seems to be collected by the larva with the 
living food, chewed up, and swallowed. The larvae of oysters and 
other molluscs, worms, and echinoderms are apparently natural 
food, and quite small zoesB have been seen to eat them, smashing 
up the mollusc shells and echinoderm spines with their powerful 
mandibles whilst holding the food partly with the other mouth- 
parts and partly with the abilomen curled in under the body. 
<)rab eggs are also eaten, and often the older zoeas and megalop® 
will eat one another, swimming about whilst sucking at the dead 
body, often nearly as large as themselves. Very small zoese, such 
as Pinnothsrea piaum and Ehalia^ wei'e seen to eat diatoms 
i^NitzBGh^a)j but it is probable that the zoem as a rule do not 
Ifrow on a purely vegetable diet, a mixture of animal and veget* 
able being the ideal food. The megalopie will eat quite large 
erustacea, but thrive perfectly on pieces of mollusc or crustacean 
muscle. , It is robable that they eat dead food in the sea. The 
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young crabs eat the same sort of food as the megalopsp, but 
probably usually feed on bottom forms or dead matter. 

Oerteiii crabs mask themselves with any foreign matter avail* 
able dii’ectly they come out of the megalopal skin. This is not 
surprising in the Spider-Crabs, which decorate themselves 
throughout their life; but it was found that Cancm\ Atelecydus^ 
ThiUy AanthOf and Pilummia all had a temlency to do this, 
although the swimming crabs did not attempt to do so. Cancer 
and continued to cover their bodies up to the third 

and fourth young stages, after which they usually ceased. 
Possibly the very young are so helpless that it is a great advan- 
tage to hide instead of running away. The swimming crabs 
being able to swim beautifully almost directly they emerge from 
the megalopa, do not need to cover themselves in this way. 

The usual time for reaching the first crab stage seems to be 
about three weeks to a month, judging from rearing experiments. 
In natural surroundings it maybe less. After the fii’st crab 
stage the skin is cast about once a week for the first month, after 
whicli there are longer intervals, until at about four months old 
it begins to change about once a month or more. Temperature 
seems to affect them, for in the winter the changes were very 
slow. 

Hie following list shows the breeding-time of the Plymouth 
cralw : — 


JAst of Crabs in Berry and Occurrence of Larva, 


Fortunvs puher . 

P . corrupatus . . 

P. arcuatus 

P. 

P. marmoretts 

P, hol$atM9 

P, depurator 

3athpntcte$ hnyipea 
Pol^biuB hmalowi .... 
Partumnu8 biguttatnt. 

CJarcinus mmuas 

dmiiienlata . 
<kmo9T pagwryn 


Ht-rrifd crab cbiefly in spring, rarely through the 
summer and as late as November Larva; iu 
plankton April to August, rarely in autumn. 
Chieily April to June. 

IleiTied crab April, May, June. No larvse seen in 
plankton. 

Berried crab from April to August. Larvte in 
plankton in spring and summer. 

Berried crab from April to July. Larvio in 
plankton in spring and summer. 

Berried crab fiom May to July. Lai‘va; in plankton 
ill spring and summer. 

Berried crabs from April to J uly * Lar\ a; in plankton 
111 spring and summer. 

Berried crab March to October, occasionally in winter. 
Ijarvie in the plankton chiefly in spring and 
summer. 

Berried crab in July. Larvae not seen in plankton. 

Berried crab in September 1898 (Mr. Todd). 

Berried crab in August (Mr. Todd). Megalopa in 
August (Mr. Gurney). 

Bwried crab from December to November, chiefly 
February and March. Larvae in plankton all the 
year round, cbiefly spring. 

Beiried crab February to April (Mr. Todd). 
(P) Ijarvse in plankton late summer and autumn. 

Berried crab in spring. Larvie in plankton April to 
August. 



502 


DE. MARIE V. LEBOUR ON THE LARVAL 


Atelecyclus septemdenfatm . 

Corystes catsivelaunus 

Thia polita 

Xantho incmiH 

X, hydropJiilua 

Filuntnus hirteUus 

Q-onoplax rhomhoides 

JPinnotheres pi sum 

P. veterum 

!EbaUa tuherosa 

JE, erancliii 

Jff. tnmefacta (?) 

Maia squinado . 

JEurynome aspera 

Spas coarctafus 

H. araneus 

Inachus dorsettensis 

I. dorynchus 

J. Isjyfocheirus 

Macropodia longirostris . , . 
M.rostratus 

M, egyptia 

Fisa hiaeuleata 

Acheeus eranehii 


Berried crab February to April) rarely in autumn* 
Larva) in plankton March to June. 

Berried crab April, Jul3\ Larva; in plankton 
March to June. Rarely later. 

Berried crab not seen. Larvae in plankton Aujcust 
to October. 

Berried crab March to July. Larv® in plankton in 
spring and euiuiner. 

Berrie<i crab March to April, rare. No larv® seen 
in plankton. 

Berried crab April to August. Larva? in plankton 
in spring and summer. 

Berried crab in June (Mr. Todd). Larva' hatched. 
Larvae in plankton August, September. 

Borrietl crabs in June to August, rarely later. 
Larva? in plankton in late summer. 

No berried crabs seen. Larva? in plankton August 
to October. 

Berried crab March to July. Larva? in plankton 
January to October, 

Berried crab in April. Larva' in the plankton in 
sumiD^i and autumn. 

No berried crab seen. Larva? in the plankton in 
October (?). 

BeiTied crabs from May to October, chiefly July and 
August. Larva? in the plankton in suuinier and 
autumn. 

Berrieti crabs in spring and summer. Larva' in the 
plankton April to October. 

Berried crabs April to August. Lurvtw in the 
plankton in spring. 

No berried crabs seen. No larva? seen in the 
plankton. 

Berried crab all the year round. Larvi© in the 
plankton all the year round. 

Same as dorsHtensis. 

Same as dorseUtnsis. 

Same as Inachus, 

Berried crabs all the year round, but rare in winter. 
I^iurvaB in the plankton chiefly in summer and 
autumn. 

Berried crabs in spring and summer. Larvao 
jirobably common in the plankton, but diflicult to 
distinguish from M. rostratus. 

Berried crab July. No larv® seen in the plankton. 

Berried crab in March (Mr. Hunt). No larva? seen 
111 the plankton. 


SYSTEMATIC PART. 

The BRACHTBE7IICHA. 

The following cbaracterB of the larvae apply to all the British 
forms excepting the Pinnotheridae. Few foreign forms hava 
been described completely, but those which are certainly known 
agree, except in a few details, with the present diagnosb 
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Pre-zoeee with tlie usual seven embryonic spines each side on 
the telson, tlie seventh usually non -hairy, two on the anten- 
nules, one much shorter than the other, and three or four on the 
antenna covering the exopodite, with a simple sheath for the 
spinous process. 

Four or five zoeal stages having typically 4, (>, 8, 10, 12 setie on 
the maxillipedes in the respective stages. Tlio.se with four zoeal 
stages have 10 in the last stage and tJiose with five have 12 in 
the last stage {(Jorystes is exceptional in having 10 in the third, 
12 in the fourth, and 14 in the fifth). Antenna of zoea with 
well-developed exo])odite and spinous process. First and second 
zoea‘ backward in development, the antennal flagellum, pleopods, 
and long lateral spines on the abdominal segments usually not 
appearing until the third stage. Telson forked. Five abdominal 
segments plus telson in the first and usually in the second stage, 
six plus telson in tlie later stages, 

JViegalopa witli rostrum straight or bent, with feelers on the 
last joint of the last legs. 

The Pinnotherida^, as rejiresented hy PinitoihereSy differ in 
having rudirnentar}^ antennae in all zoeal stages and in having 
only live ab<lominal segments in both zoese and megalopa. The 
number of zoeal stages varies, VbmoilierCH veleruvi having two 
only, the second (last) having six seta) on the maxillipedes, the 
first zoea. being far a<lvanced in development, w’hilst 1\ pisum is 
not nearly so advanced, and probably has three or four zoeal 
stages. Both the Ihitish species have a peculiar tl)ree-loV)ed 
telson separating them from all the other crab zoese. Some 
foreign species may, however, have a typical forked telson, 
Megalopa without rostrum and without feelers on the last joint 
of the last legs. 


JCey to the Genera of the lirachyrhyncha {Britiali), 

ZOES. 


L Telson ihi*ee-lol)e4 Pinnotheres, 

II. Telson forked. 

1. No lateral spines on carapace. 

а. From tip of dorsal to tip of rostral .spine about body-length . Carcinus. 

б. From tip of dorsal to tip of rostral spine longer than body- 

length Firimela {?), 

S. Lateral spines present. 

a. Antennal exopo<lito rudimentary Xantho, 

b. Antennal exopodite us long as or nearly as long as the 

spinous process. 

X Knobs on abdominal segments 2 to 4 or 6 Oonoplax, 

X X Knobs on abdominal elements 2 and 8 only Pilwnnus. 

c. Antennal exopodite from a third to tw'o-thirds the length of 

the spinous process, ending in spines. 

X One lateral spine on telson. 


Q liostral spines more than two-thirds the length of the 

dorsal spine Corystss, 

GO Bostral spine less than two-thirds the length of the 

dorsal spine Tkia, 
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X X Two lateral Kpines on telson. 

0 Antennal cxopodite one-thtrd the lenf^th of the spinous 

process Cancer, 

00 Antennal cxopodite one-half to two-thirds the length 

of the spinous process Atelee^olue, 

XXX Three lateral spines to telson. Poriunus (except in later 
stages of P. pubcTf where they are reduced to two), 
including Path^neetes and Pol,yhiu8, 

MSQjlLOPJt. 

I. No feelers on last joint of last legs.,. Pinnotherei, 

11. Feelers on last joint of last legs (see General Key to Megalopse). 

Family Portunidjs. 

Pre-zoe® with three long spinea on the antenna, the iseventh 
long spine on the telson usually without hairs. Four or five zoeal 
stages. Dor^al and rostral spines on the carapace; latemls 
usually present. Antenna with exopodite ending in spines, 
about half as long as the spinous process. Telson with three 
lateral spines usually in all stages, but they may dwindle in the 
later stages in some species to two or one. Usually one or two 
exti-a internal pairs of seta) in the later stages. Ltiteral spines 
usually on third to fifth abdominal segments in the later stages. 
Second and third abdominal segments each with a pair of lateral 
knobs ; those on the second hook*sbaped. Those on the third 
segment disapj^ear in the later stages. Four hairs dorsally 
on the first abdominal segment, two on segments 2 to 5. 
Megalopa with one-spined rostrum and no dorsal spine. Carapace 
with not very conspicuous prominences. Large hook on ischia 
of first leg, and usually hooks on coxa? of second to fourth legs. 
First young stage with three-lobed front to carapace more or 
less produced. Five teeth each side, the second and fourth 
smaller than the others. liast legs usually paddle-shaped. 

Subfamily PoitTrNfN.fi:, 

Five zoeal stages. Lateral spines on carapace present. Telson 
with three lateral spines in all stages (except in Poriunus puher^ 
where one disappears in the later stages). One extra pair of 
internal spines in second, tliird, or fourth stage, two extra pairs 
in fourth or fifth stage. lateral spines on third to fifth 
abdominal segments in later stages. Megalopa with rostral 
jspine sticking out horizontally or bent ; last pleopods wdth more 
than five seta). Hook- shaped spines on second to fourth legs 
(Claus [1876] describes a spine on the fifth leg in Poriunus ^ but 
there is none on this last leg, the spine on the fourth showing 
behind, as it appears in the dmwing). First young crab with 
flwimming-paddles on last legs. 

The Plymouth genera belonging to the Portnnin»are 
BoihynscteB^ and Polybius ; the last two very rare, each being repre- 
sented by one species only, Poriunus consisting of seven species. 
Palmer (1^27) regards P. pubsr as the most primitive. It is 
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interesting that P. ptiher is the only species (the later stages of 
P,con*Ufjatus not being known ) which loses one of the lateral spines 
of the telson in tlie later stages, thus resembling in almost every 
particular similar stages in Caiicer and Atelecyclus, It also has 
much longer rostral and dorsal spines tlian any of the other 
species, and is inucli more highly coloured, again bringing it near 
Cancer, The other species aie rather like one another; indeed, 
so much so are the small species P. pmillus and P. arcuatus that 
it is very difficult, if not impossible, to tell them apart except 
after the most minute examination. lo is difficult to recognize 
the later zoe® of any of the others, as they tend to be much alike 
in colouring, and the megalop® are nearly all coloured in the 
same way, A juifc^er included. Descriptions are given of all the 
species, but unless these are reared or taken alive in the plankton, 
it is not w*orth while trying to separate them. This also applies 
to Bathynectes and PohjhinSy which are exceedingly like PortunuSy 
but, unfortunately, only known in the first zoea. It is practically 
impossible to recognize these amongst a collection of mixed 
portunids. 

Previous work on tlie Portuniiue refers entirely to Portunus, 
The first zoea of certain species were hatched out by several of 
the ol<l natumlists. Williamson (1911) was the first to describe 
any of the later stages. He obtaineil zoe® hatched from the 
parent, and later stages from the plankton of Portiinus puhevy 
P. ilepiirator, and P. hohntus. These he redescribes in ‘ Nordische 
Plankton ' (1915). Some of the stages ho kept until they became 
megalop® and young crabs. Bjork (1913) gives a good descrip- 
tion and figures of P. depxirator from the plankton. Cano 
(1892 h) had many years before given descriptions of certain 
species and figured the first zoea of P. pasillns but no later 
stages, and other figures of various zoea by different authors are 
to be identified as Port units. Thus the main characters of a 
Portiinits-hiTva. were fairly well known, the number of zoeal 
stages being correctly given and the one megalopa stage, but no 
life-history from pre-zoea to crab has been completed until now, 
and the larv® of P. marmoretiSy P. arcuatusy and P. corrugatus 
are described here for the first time and the zoe® and niegalop® 
of all the British specu'es distinguished, with the exception of the 
later stages of P. cormgatus* 

Genus Portunus. 

Carapace spines of moderate length, usually from tip of rostral 
to tip of dorsal spine equal to, or not much longer than, the body- 
length, Colour brownish -black chroma tophores with yellow and 
red, or only black and yellow, the black chiefly in the intestinal 
region and ventrally along the abdomen. Eyes usually with a 
blue glint flecked with yellow, Megalopa greenish, made up of 
black and yellow with a little red. 

Pdrtunus puber having been reached from egg to c^ab is 
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detailed as a type of Portunus, It is, however, not altogether 
typical, as it loses one of the lateral spines of the telson in the 
later stages, whilst they all remain in the other species. 

PoRTUNUS PUBER (L.). (PI. I. fig. 1 ,* PI. IV. figs. 1-4; 

PI. V. figs. 1--4.; 

The “ Velvet Swimming Crab is very common in the district 
both between tide-marks under stones and below low-water 
mark, and is even trawled beyond the Breakwater. Zoesc occur 
abundantly in the plankton in spring and summer, and megalopte 
in the summer. The spring is the best time for the zoeae. 
Young crabs from about the fourth or fifth young stage are 
found under stones between tide-marks. Berried crabs occur 
from March to July and are even taken in November, but are 
most abundant in spring. These were placed in an aquarium 
tank until the eggs hatched out into pre-zoea, which were 
pipetted off into a plunger-jar, in which they were reared as far 
as the megalopa. The megalopa was then placed in a small 
bowl until it changed into a crab. After four moults tlie small 
ci’ab was again transferred to a plunger- jar, in which it still lives, 
aged six months and measuring about three-(]uarters of an inch 
across. The zoese were fed on oyster larvsB, the megalopte and 
young crabs on bits of mussel. The zoese also ate the larv© of 
Echinus^ I'eredo, and Pomatoceroa^ but throve best on the oysters, 

Williamson (1911, 1915) obtained the first zoea from the 
berried crab, missing the pre-zoea„ His description of the first 
Eoea is adequate, but the later stages which he collected from the 
plankton might easily have been Caruier pagwnis. This is 
suggested because the megalopa described and figured by him 
came from a fifth zoea and almost certainly belongs to Cancer, 
The form and coloration of the later zoe» of Cancer pagurua 
and Portunua puher are very much alike, so much so that only an 
expert can tell them apart, and the description of the colour of 
the late zoea seems to agree better with Cancer ^ which is 
peculiarly brilliant and has more red and yellow and less black 
pigment than P, puher. The fact that his megalopa has a dorsal 
spine rules ont Portunua altogether, and the figure given is 
almost certainly the megalopa of Cancer, The first young 
stage figured by him is, however, truly a Portunua. Now, 
Williamson states that he was unable to see the dorsal spine 
in the cast megalopal skin from which this young came ; there- 
fore it is almost certain that in the specimen there was no dorsal 
spine, and that it was truly a Portunua. However, the first 
young stage figured (pi. iii. figs. 2-9; Williamson, 1911), 
although a Portunua^ is not P. puber^ for the central lobe is 
much too marked. Judging from the young of other species 
obtained from the megalopa, it is probably F. puaUlua which has 
three pronounced lo^ in front; the lateral teeth are as 
figured and are very similar to those of P. puher. All the first 
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young crab stages from Plymouth, including those reared from 
the egg, had a markedly toothed front with a central lobe only 
slightly produced. 

Fortunus puber has the largest zoea and the longest and 
straightest spines of all the J^ritish portunids, and is also the 
most brilliantly coloured. It <liffers from the other species of 
which the life-iiistory is known in losing one of the lateral 
spines of the telson in the later stages, a fact duly noted by 
Williamson. It may lose it in the second stage, or not until the 
fourth. Although the zoea^ are larger than the other species of 
PorttinaSt the inegalopa is one of the smallest, and the first young 
stages are much smaller than those of P, holsatus^ which is not 
nearly so large when adult. Williamson has rightly described the 
colouring of the zoea as reminding him of eosin. it is a brilliant 
pink on the dorsal and rostral spines and telson, with diffuse pink 
on the body and legs. There is also a good deal of pale yellow, 
especially in the front above the 03^68 and abdomen. A large 
amount of black occurs, black chi'omatophores in front of the 
dorsal spine, along the intestine, in the mouth-parts, above 
the inaxillipedes, and ventrally along the abdominal segments. 
Dorsal and rostitil spines long ; longer than in the other species. 
In fact, as is stated aliove, it is easier to confuse it with Cancer 
than with the other species of Portunus. The megalopa has very 
little red about it, the general colour being green made up of 
black and yellow chromatophores, with blue eyes. It is very like 
the other Portunm mega]oj)ai and has no trace of a dorsal spine. 
Tims in the early zoese and megalopa it is easily recognizable as 
a Portunm^ in the later zoeal stages being more like Cancer, 

Eggs a deep brown, changing to nearl}^ black when ready to 
hatch. Early eggs about 0*38 mm., later eggs 0*44 mm. across. 
They are carried for several months, no exact data being obtained. 

Pre-zoea about 1*76 mm. in length, without the embryonic 
spines, the characteristic colour of the zoea showing through the 
pre-zoeal skin. This lives for several hours, finally casting its 
skin and freeing the zoea. 

First zoea about 1‘76.* mm. in length ; from tip of dorsal to tip 
of rostral spine about 2*24 mm. TT)us the measurement from 
spine to spine is rather more than the body-length and greater 
than in any other Portunus species. Dorsal and rostral spines 
nearly straiglit, the dorsal slightly curved. Telson long. Sides 
of abdominal segments slightly toothed behind. Cai*apace edge 
with a few irregular serrations. Budimentary third maxiliiped 
and legs under carapace. Knobs on second and third abdominal 
segments. 

Second zoea very like the first. Body-length about 2*24 mm. 
Length from spine to spine about 2*5 mm., length from spine 
to spine compared with body-length having decreased. Lateral 

* All messaremmits of the body-leagfA m taken from the ih>ut of the head 
to the tip of the tdaon fork. 
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outgrowths of abdominal segments 2 to 5 slightly longer. 
Knobs on third segment still present. Long hairs on outer 
edge of carapace. Three lateral spines still on telson, but in 
exceptional cases one, the middle one, may have disappeared. 
Still five abdominal segments plus telson. 

Third zoea. Body-length about 2*5 mm. From spine to spine 
about 3 mm. Six abdominal segments plus telson. Knobs on 
third segment have disappeared. Long hairs on edge of carapace. 
Third maxillipedes and legs fairly prominent, but mostly 
hidden under carapace. Spines at sides of abdominal segments 
3 to 5 appearing. Pleopods present as small projections. 
Antennal flagellum beginning. Telson may still have three 
lateral spines or the middle one may have disappeared. An 
extra pair of internal set® inside fork usually present, but may 
not appear until the next stage. 

Fourth zoea. Body-length about 3*8 mm. Length from spine 
to spine about 4 mm. Long hairs on edge of carapace. Rudi- 
mentary legs more developed. Spines on abdominal segments 

3 to 5 longer. Pleopods and antennal flagellum longer. 
Only two lateral spines on telson. Usually two pairs of extra 
internal setce, sometimes only one pair. Antennule swollen at 
base, wdth more spines and aesthetes. 

Fifth zoea. Altogether heavier in build. Body-length about 

4 mm. Length from spine to spine about 4 mm. Antennule 
jointed with branch. Antennie with fairly long un jointed 
flagellum. Mandible with palp. Telson as in stage 4, with 
two pairs of extra internal set«B. I.<ateral spines on segments 
2 to 5, long. Pleopods long, with branch. Long hairs on 
edge of carapace. Rudimentary third maxillipedes and legs 
much larger, the legs showing jointing, the first chelate and 
very heavy. 

When the last zoea is ready to cast its skin the dorsal spine 
becomes hollow, and the remains of the living tissue contained in 
it descends and is seen as a i^ed knob at the base of the spine. 
In the megalopa this remains as a slight prominence. 

Megalopa small and greenish, quite unlike the zoea in colouring. 
Carapace l'28mm. long. Len^h from bending of rostrum to 
end of telson 3 mm. Protuberances on carapace inconspicuous. 
Rostrum finely pointed and bent down at an obtuse angle, 
Pleopods with many setse, the last i)air with ten only, rarely 
nine. 

First Yonny Crah Stage brownish and speckled all over. 
Front of carapace with three indistinct lobes, denticulated in 
such a manner that one can recognize the species. Carapace 
nearly round, with five teeth each side, the second and fourth 
very small, the first and fifth prominent. Last legs ending 
in slender paddles. Breadth of carapace about 2*8 mm. in 
specimens reared from the egg* May be as small as 2*06 mm. 
in those reared from me^opao from the plankton. Successive 
moults showed a carapace breadth of 2*06, 2*8, 4*48, 7*36, 9*60 mm. 
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The front grows more and more cliaracfceristieally (ientieulated 
the lateral teeth become large, notclies in the orbit appear, anil 
in the Hfth stage the paddles are ridged. It is, by the fifth stage, 
quite definitely Portanus puber^ witfi the carapace of the usual 
shape havung grown steadily broader, and the colouring more 
or less like the adult. 

The following data show the times taken for one Portimns^ 
pnher to reach the tenth young crab stage : — 


Pre zoca from egg 23. (5.27 

First zoea from pre-zoea 23. 6.27 

Second zoea from first 28. 6.57 

Third zoea from second 1. 7.27 

Fourth zoea from third 4. 7.27 

Fifth zoea from fourth 8. 7.27 

Megalopa from fifth 12. 7.27 

First young crab from mega lopa .. 25. 7.27 

Secoml young crab from first 1. 8.27 

Third young crab from .second 8. 8.27 

Fourth young crab from third 17. 8.27 

Fifth young cr.ib from fourth 29. 8.27 

Sixth young crab from fifth 7. 9.27 

Seventh young crab from sixth ... 26. 9.27 

Eigiith young crab from .seventh... 21.10.27 
Ninth young crab from eighth ... 21.1 1.17 

Tenth young crab from ninth 29.12.27 (died in 

ca.sting skin). 


It is thus seen that it takes just over a month to reach the 
first crab stage, later changes of skin usually taking longer, 
until there is a full mouth between stages 8 and 9 and over u 
month between stages 9 and 10. 

PoRTUNUs roRiuJOATiJs (Penii.). (PI. I. fig. 2.) 

The “ Wrinkled Swimming Crab ’’ is much les.s common in the 
district than it was some years ago. It occurs on the usual 
dredging and trawling grounds both inside and outside the 
Sound. Berried females from April to August, more commonly 
in spring. The larvie have not been seen in the plankton, but 
two batches of eggs were hatched out in aquaria, and pre-zoea and 
first zoea obtained. These, unfortunately, did not liv’^e to cast 
their skins, and became second zoete. No description has hitherto 
been given of the larvse. 

EgqB reddish -orange, changing to a speckled brown when 
ready to hatch. Early eggs 0*32 mm., late eggs 0*4 mm. across. 

Pre-zom about 1*4 mm. long, soon changing to the first zoea. 

Firat zoea about 1*7 mm. long; from spine to spine about 
1*34 mm. Colour pinkish-grey, with a few black chroinatophorea 
chiefly under the abdomen and below the carapace. A small 
black chromatophore at the base of the dorsal spine. Eye 

Paoc. ZooL. Boc. — 1928, No, XXXIV, ^ 34 
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blackisli-bluo splashed with yellow. The whole of the doreal 
part of the body colourless. Doi'sal and rostral spines curved, 
much shorter than in J\ puher» These zoe® were very delicate, 
would not eat, and soon died. Later zoea and megalopa not 

seen. 

PoRTUNUS ARCiTATUS Leach. (PI. I. fig. 3 ; PI. VII. fig. 2.) 

The “ Arch-fronted Swimming Ciuh is fairly common in the 
district, not far from the coast. Berried females April to 
September, chiefly in spring. Zoe® and megalop® common 
in the plankton in spring and summer. Eggs hatched in 
aquaria as pre-zoea, which soon changed to fiist zoea, hut these 
did not live. Later zoe® were obtained from the plankton and 
the megalopa, and young crab reared from these. It is very 
diflScult to distinguish the zoe® in the plankton, as they are much 
like many of the other Portunus species, the colour being variable 
and the sizes not very diflTerent. They are specially like 
P. pusHLus^ being very small in the early zoea, tlio smallest of all 
the Portunus species known. The later the zoeco the more like 
the other species it becomes. It is really a waste of time trying 
to separate them in the plankton unless they are reaied to 
the cnib stiiges. This was done with most of the species, and 
the zoe® and megalop® distingtiished. No description has 
hitherto been given of the larv® of this species. 

Eggs reddish, changing to almost black. Early eggs 0-2fi mm., 
late eggs 3 mm. across. 

Pre zoea about 1*12 mm. long, soon changing to the first zoea. 

First zoea about 1 12 mm, long. From sj)ine to spine almut 
the same. Colour yellovush, with black chromatophores along 
intestine, underside of abdomen, region of rnoutli- parts, and base 
of legs. Telson and spines of carapace colourless. Edge of 
•carapace denticulated, changing to long hairs in the hit/cr stages. 
Dorsal and rostral spines curved. As the zoea grows the dorsal 
spine becouies yellowish, especially in the Inst stage. The 
changes in the zoea are very similar to those of P, jmher, but 
the three lateral spines remain on the telson in all stages. 
The last zoea measures about 3 mm. ; fiom spine to sju'ue about 
the same. When about to change into the megalopa tlie living 
tissue of the dorsal spine descends as a yellow knob. 

Megtdopa obtained fi*om the last zoea. Very like Portunus 
puber and almost the same size and colour. Rostjmm bent at a 
rather more acute angle. Eight set® to last pleopods, sometimes 
seven. It is very difficult to distinguish this megalopa from 
P.pusiUus, indeed almost imp^sible, until the crab is obtained 
from it, which is always distinguishable by the front of the 
carapace, which is hairy with only very faint lobes. 

First Young Crab Stage 1'6 mm. across carapace. Front very 
slightly three-lobed, hairy. Lateral teeth as in jP. puber and 
narrow paddles to last legs. Later yemng stagea were obtained 
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from the first up to the fifth young stage, meajsuriiig respectively 
across the oHiapace: — 1*6, 5^*5, 4*2, 5*1, 6*2 rnm. As in 

P, puhet\ the carapace hi oadens rapidly, and by the fifth stage the 
crab is v’^ery like tlie a<hiU., the front being flat and hairy. The 
following dates show the times taken for the young crabs to 


change : — 

Fii-st young crab from megalopa ... 2.7.26 

Second young crab from first 10.7.26 

'rhird young crab from second 20.7.26 

Fourth young crab from third 29.7.26 

Fifth young crib from fourth 9.8.26 

Sixth young crab from fifth 23.8.26 


As in P. puber, the later moults take longer. 

!\)UTUNr8 rusiLLUs Leach. (PI. I. fig. 4; PI. IV, fig. 5 ; 
PI. VI 1. fig. 1.) 

Tlie “ Hwarf Swimming Oral)*’ is common both inside and 
•ojitside the Sound on sandy bottoms. Berried females from 
Fehrimrv to Augu'^t, chiefly .spring and early summer. Zoeee 
and inegalopie very common in the plankton in s[)ring and 
summer. liatched in acpiaria as pre-zoea', which soon 

changed to first zoea^ One first zoea feeding on Echimis larvae 
clinnged to the secoml zoea, hut no furtiier stages were reared. 
Later stages from the plankton changed to inegalopfe and then 
to young crabs, (fano (1893) gives a good figure of the Hrst zoea, 
which is copietl by Williamson (1915). Other wLse the life- 
history has not been described. 

Egr'fH orange-red. Early eggs 0*28 nun., late eggs 0*32 rnm. 
across. 

Pre-zoea about 1-28 mm. long, soon changing to the first zoea. 

First zoea about 1*3 mm, long. From .«!pine to spine al>out the 
same. (5olour \ery like P. arctuitus, hut with a diffuse very pale 
]>inkisU tinge among the yellow. Telsoa and spines of carapace 
(‘olourless. Both spines curved. All zoeal stages very common 
in the plankton, hut easily confused with other species, especially 
P. arcnatus. Edge of cara})ace finely denticulated, changing to 
long hairs in later stages. Last zoea still retaining the pinkish 
tinge, about 3*3 mm. long, from spine to spine 2*5 mm., the 
spines, especially the rostral, thus greatly reduced in proportion 
to the hoily-length. Dorsal spine colourless or with a very pale 
yellow tinge. Telson with three lateral teeth in all stages, an 
extra pair of internal setae in tlie third or fourth stage, and two 
extra pairs in the fourth and fifth. Megalopa from last zoea from 
plankton, very like P. puber and P, aroaaittSf especially the latter, 
aa it has seven spines on the Inst pleopotis, sometimes eight. 
Rostrum beni) at an angle like P. arcuattiSf size and colour almost 
the same. The megalopa changed to the young cmb, and several 
Hater stages obtained from this. 


34 * 
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First Young Crab Stage with t)»ree well -developed lobes in front, 
lateral teeth as in P. puher and P. armatus^ and mrrow paddles- 
to last legs. Carapace 2 ninu across, neaily circular. Later 
stages measure 2 5, 3*5 (one missed as the skin was eaten), and 
7 mm. The following dates show the times taken for one crab to^ 


change its skin : — 

Megalopa to first young crab 1.7 26 

Second young crab from first 10.7.26 

Third young crab from second 18 7.26 

Fourth young crab from third 20.7.26 

Fifth young crab from fourth 26.7.26 


The young crab can be recognized as P. pusillus from the first 
stage, the front lobes being prominent compared with P. jniher 
and P. arcuatm^ which are the only species that can be confused 
wuth it {1\ cm'rngutus not being known). All three have the 
second and fourth lateral teeth of campace very small, the normal 
shape having been reached by alanit the fifth stage. 

PORTUNUS MARMOREUS Lcacll. (PI. 1. fig. 5 ; PI. VI. fig. 3.) 

The Marbled Swimming Crab” is fairly common both insido 
and outside the Sound on sandy bottoms. It i.s quite distinct 
from P. holsatus^ as Palmer {op, eit,) has shown, although some 
workers were inclined to place it in the same species. The 
zoefe are quite different in colouring and the inegalopie distinct. 
Both zoesB and megalopse occur frequently in the plankton in 
spring and summer, but are difficult to identify, as the older zoea? 
are very like the other species and the megalopt vei-y like that 
of P. puher and P, holaatua. Berried crabs occur occa.sionally in 
spring and summer. The eggs were hatched out in the aquarium 
as pre-zoe» which changed to first zoeoE?. One secon<] zoea only 
was obtained from these, and this did not live. Later zoeie were 
collected from the plankton and kept until the megnlopie and 
crabs emerged from them. Thompson (1835) hatched out the 
zoea, but the figure given might l>elong to any crab witli lateral 
spines on the carapace, and the three laterals on the telson are not 
shown. He also figures a megalopa which possibly may belong 
to this species. Except for these no w^ork has been done on the^ 
larvae of P. marmore^ia. 

Eggs orange-red, changing to brownish. Early eggs 0*28 mm.,, 
late eggs 0*35 mm. across. 

Pre-zoea about 1*12 mm. long, soon changing to the first zoea. 

First zoea about 1*4 mm. long. From spine to spine about the 
same. Both spines curved. Colour yellowish-orange and pink. 
Telson pink. Eye blackish-blue, with yellow^ spreading doi-sally 
outside it. Slight yellow spot or streak on dorsal spine turning 
to pink, usually accompanied by black. Black along intestine,, 
mouth-parts, under lateral spines of carapace, and ventrally along 
abdomen. Edge of carapace smooth in first zoea, armed with 
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long hairs in later stages. Later stages from plankton much like 
P, depurator^ but smaller and distinguished by pinkish dorsal 
spine and telson. Length of fourth zoea about 2*9 mm., from 
spine to spine about the same. Last zoea changed to megalopa, 
.and this to young crab. Tiie later zoesD agree with P, depuraior^ 
arcnatus, and pusillita in having three lateral spines on telsoii 
in all stages. In size they come between P. dejniraior and 
P. arcuatiis and picsillics. 

Megalopa much like that of P. puher^ but may be larger, the 
size varying, Ro.sh‘um bent at a lather more acute angle. Ten 
setie on la.st pleopod.s. The megalopa changed to the first young 
crab stage. 

First Young Crah differs from the three foregoing species 
in having the second and fourth lateral teeth of carapace more 
pronounced and in having broader paddles on the last legs. 
Carapace 2*4 mm. across. The young stages are all very much 
like P. hohatus^ but can be distinguished on close examination. 

PoiiTUNrs Hoi^ATrs Fabr. (PI. 1. fig. 6; PI. VI. fig. 2.) 

The “ Livid ♦Swimming Crab'' is much like P. mannoreiis, but 
quite a distinct species. It occurs more frequently than P. mar- 
morenSy but in the same situations both inside and outsi<le the 
Sound. Zoea* and megalopa* common in the plaiikton in spring 
and summer and also berried crabs. The eggs were hatcheil out 
in aquaria and pre-zoe® and first zoefe obtained. Only one second 
zoea came tbrougb, and that did not live. Later zoeae from the 
plankton chauge<l to megalopie, and the.se and also megalopte from 
the plankton change<l to young crabs. Tlie later zoea^ were not 
distinguished from the other Portnnus species in the plankton, 
Williamson (1911, 1915) hatched the ]>re“Zoea, and describes the 
■first, third, fourth, and fifth zoeaa, also the megalopa of P. hohaimy 
and figures most of them. No other work lias been done on this 
species. 

Eggs orange-red, changing to brownish. Early eggs 0*25 mm., 
late eggs 0*32 mm, across. 

Fre-zoea about 1 inin. long or rather longer, quickly changing 
to the fii*st zoea. 

First zoea about 1*3 lurn. long. From spine to spine about tlie 
same. Spines curved. Colour brownish merging into brownish - 
pink. Doiml spine with black chrornatophore. Eyes blackish- 
blue with a yellow glint, black chroinatophores among the brown, 
especially in the region of the intestine and ventrally on the 
.abdomen. Yellow at the sides of carapace. There may be a little 
pigment in the doiBal spine, especially in the later stages. The 
last zoea changed to the megalopa. 

Megalopay one of the largest of the Fortunus species. Like 
P. tnamioreuafi but larger and usually lighter coloured. Carapace 
1*76 to 2*25 mm. in length, not including the bent rostrum. 
Rostrum bent at about the same angle as P. 9a<imorst(s. Last 



514 


DR. MARIE V. LEBOUR ON THE LARVAL 


pleopods with ten setie, changed into o very large crab, but einaller 
crabs of this species have been obtained from other megalopje 
from the plankton. 

First Young Crab Stage ♦‘h2 mm. across the carapace. Paddles 
on last legs broad. Later stages measured respectively across 
carapace 6, 10, 15, 20, 25 mm. 

The following dates show times of changing skin in one 


crab : — 

First young crab from megalopa 1 4.0.26 

Second young crab from first 23.6.26 

Third young crab from second 1.7.26 

Fourth young crab from third 13.7.26 

Fifth young crab from fourth. ...... 3.8.26 


The young cmb is very like P. marmoretis, with the second and 
fourth teeth of the carapace, although smaller than the other at 
first, still much larger than they are in P. piihei\ arcuatus, and 
pusillusy and the three teeth in front are very distinct. It is 
surprising that P. hohatus grows so much more quickly tlian any 
of the others, reaching a breadth of carapace of 25 mm. in less 
than two months, a larger growth than in any other crab reared. 

PORTUNUS DEPURATOB (L.) (PI. I. fig. 7 ; PI. Yl. fig. 1.) 

The “Cleanser 8 wimniing Crab^’ is the commonest of all the 
Portunus species in the district, occurring abundantly both in/?id© 
and outside the Sound. Berried cralw in spring, summer, and 
autumn, rarely in winter, cliiefly in spring; zoese and megalopje 
in the plankton most of the year, especially in spring and early 
summer. The eggs were hatched out in the at|uarium and 
pre-zoese and first zoea? obtained, but only one or two came 
through to the second, third, and fourth zoea, and did not live. 
Later stages from the plankton changed into megalopse, and 
these into young crabs. This is perhaps the best known of the 
Portunvs species in the larval stage.s. Clans (1876) gives a drawing 
of the megalopa, Thompson ( 1835 a) and Couch (1843) hatched out 
the first zoea, and Bjork (1913) gives a good account of it from 
the plankton, describing the first, third, fourth, and fifth zoeie, 
megalopa, and first young stage with figures. Williamson (1911- 
1915) also describes certain stages. 

Eggs light brown, changing to a darker .speckled brown. Earljr 
eggs 0*32 mm., late eggs 0*4 mm. across. 

Pre-zoea about 1*12 mm. long, living a few liours and then 
changing to the first zoea. 

First zoea about 1*6 mm. long. From spine to spine about the 
same. Spines curved. Colour black and yellow. Black chromo- 
tophores on front of doiml spine, mouth-parts, region of intestine,, 
and ventirally along abdomen ; yellow accompanying the black. 
Eyes bluish black with a yellow glint. In later zeeie the dorsal 
spine becomes dusky, with black and yellow spreading up ii^ 
sometimes yellow, owing to the contraction of the chromotophores. 
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Zoeal stages much like the other species, but can be recognized by 
tlieir colour. Edge of carapace ainooth in first zoea, edged with 
long hairs in the others. All three lateral opines of telson present 
in all stages. One [)air of extra internal setae arising in second 
zoea or later, two pairs in fourth or fifth stage, l^st zoea about 
4 mm. long. From spine to spine about 3*5 mm. 

Megalop<i differs from all the other Portunns species in having 
the rostrum sticking straight out ;m(l not l)ent. Length of 
carapace { including l ostrum) 2 mm. List pleopods with ten setae, 
very rarely nine. 

First Yoiitiy Crah Stage very likeP. holsatm and P. marmoreas. 
The three teeth vtu-y distinct in front and the second and fourth 
teeth more distinct than in puher, armatm^ and ptmllus. The 
very young stages are distinguished witli difficulty from holsatus 
and marmoreua^ but at about the third or fourth stage the 
characteristic rugosities appear on the carapace. By carefully 
comparing the little crabs with Palmers diagnosis (a;?, d^.) the 
three species can he distinguished, however, even at the first stage. 
First stage 8*8 mm. across the carapace, successive moultings 
5*2, 7, and 9 2 inm. The following dates show the times taken, 
to moult: — 

First young crab from megalopa ... 15.6.2(5 


Secomi young crab from first .... 28.6.20 

Third young crab from second 9.7.26 

Fourth young crab from third 18.7.20 

Fifth young cnib from fourth 26.7.26 


The 7 a»eie differ little except in colour, all the species being 
much alike in structure. The megalopie fall into two groups, 
those with ten setic on the l ist pleojxids and those with seven or 
eight. From those with ten setie P. (lepurator is sepai-ated 
at once by its stiaight rostrum, leaving P. puber^ P. inarmorem^ 
and P. holsatm, the last being bigger than the other two,. 
P. pubenuu] P. marnwreus are so much alike that they can hardly 
be told apart, P, arcuatm and P. jmsillm, with seven or eight 
setiB, also hardly differing at all from one another. To l)e quite 
sure about these difficult cases the only safe way i.s to lear them 
to the oral) .stages, ’flie young crabs fall into two groups — those 
with narrow paddles and very indistinct second and fourth lateral 
teeth {P.pnher, P.arcoatus, and P. pmillm), all of which can be 
distinguishes! from one another by the front of the campace, and 
tliose with hroail paddles, the second and fourth lateral teeth 
not l>eing so rudimentary, although distinctly amdler than the 
other in the early stages (P. taarmorem, P. holsatm, and 
P. dspwrot4>or)* 

Genus Bathynectbs. 

BaTHYNBovRs iiO\QiPK8 Risso. (PI. IV. fig. 7.) 

The “ Long-Legged Swimming Crab *’ is very like a Portunus^ 
and occurs rarely on the dredging grounds outside the Sound. 
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One berried female was taken in July 11)26 and the pre*aoeR and 
£rst zoea obtained. Unfortunately these did not live. No larvee 
were found in the plankton. No previous work has been done on 
these larvae, which resemble those of Portwnas very closely, 
Riid no special characters separate the early stage from this 
genus. 

Eggs light brownish when ready to hatch. Measurements not 
taken. 

Pre-zoea about 1*25 inm. long, quickly changing to the first 
zoea. Agreeing in structure with J*ortunus. 

First zoea tihont 1*25 mm. long. From spine to spine about 
the same. Spines curved. Lateral spines rather long, about half 
the length of the rostral spines. Structure of body like Portunus. 
•Oolour brownish with a little yellow. Eye bluish-black, flecked 
with yellow. Darkish brown in mouth-region and alimentary 
canal and ventrally on abdomen, mixed with black and yellow. 
Drawing in colour not ma<le. 


Genus Polybius. 

Polybius iienslowi Leach. (PI. IV. fig. 6.) 

“ Henslow’s Hwimming Ciab^’ is rare in the district, ami females 
are seldom found. One occurred in July 1927 from the Kama 
mud outside the Sound, but was not in berry. In September 1898, 
Mr. K. A. Todd found a berried female and hatched out thezoese. 
Apparently the pre-zoeae were not seen. He has kindly given me 
the zoeaj. No colour notes are available. No zoe« have been 
observed in the plankton, and later stages are not knowui. 
•Couch (1843) hatched out the zoem, but does not describe them. 
No further work has been done on them. 

First zoea resembles Portunus and Bathynectes vei*y closely, and 
«o characters could be found which separate them. About 1 mm. 
long. From spine to spine about the same. Spines much curved. 
Lateral spines fairly long. 


Subfamily Cahcinin.€, 

Four zoeal stages. No lateral spines on carapace. Telson with 
three lateral spines in the early stages, dwindling to one in the 
later stages. No extra internal spines. No lateral spines on 
abdominal segments in any stage. Megnlopa with rostml spine 
sticking out horizontally ; protuberances on cai’apace not con- 
spicuous. Only rudiments of spines on coxa) of legs 2 to 5. 
Mrst young stage without paddies on last legs, although these bear 
long haiirs. 


Genus Oarcunus. 
With the characteni of the subfamily. 
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Oarcikus m.enas Peon. (Text-fig. 2 , 7 to lo & PI. 3. fig. 8 ; 
PI. VII. figs. 3-5.) 

The “Common Shore-Grab*' is the commonest and best known 
of all British crnbs. It occurs along the coast every w here, and is 
in berry all the year round, although it chiefly breeds in spring 
and summer. Larvaj abundant in the plankton, especially in 
spring and early summer. Very young crab stages, from about 
the second stage, may be found along the coast, particularly in the 
estuaries. Much work has been done on this species, and its life- 
history is well known. The young were hatched in the laboratory 
and reared to the fourth (last) zoea, latei- zoese being taken from 
the plankton and reared to ci-abs. 

Thompson (1885) was the first to hatch out ami describe the 
zoea, which he figure.s. llu Cane (1839) describes and figures 
the pre-zoea and zoea. Good wdn (1842) and Couch (1843) both 
described the larva% Couch figuring the zoea, megalopa, and two 
young stages. Spence- Bate ( 1858) in his elaborate monograph 
describes the life-history. This is not entiiely correct, although 
containing much valuable observation. Unfortunately one of 
his figures of the megalopa (E, pi. xlii.), which really belorjgs to a 
different species, prol>ably Cuuccr,has crept into some well-known 
text-books ( Korscbeldt and lleider 1890, Caiman 1909). Spence- 
Bate thought there were several megalopal stages, when really 
there is only one. His mistake is easily accounted for when it is 
realized that he picked the various stages out of the plankton. 
Faxon (1800) gives a very fine figure of the pre-zoea and zoea, 
and Brook (1884) gives excellent dm wings ot the megalopa and 
young sti^ges, omitting, however, the feelers on the last legs of the 
megalopj^. Cano (1892 ?;) figures zoete ft ml megalopa, but gives 
the latter a dorsal spine. He suggests tliat 8 lal)l)er*s (1778) 
Monoculu^ taurus belongs to this species. Williamson (1900, 
1902 1915) describes the whole life-liistory. He hatched out the 
first zoea, wdiicli moidted to the second, tlie latei* sttiges being 
collected from the plankton and kept until they changed. He 
figures most of the stages or parts of them, describing all essentials 
accurately. Miss Jorgensen reared Cuvclnus from the egg to 
megalopa in an aerated aquarium at Cullercoats. It is thus seen 
that Carcinm mcpjias is a much -described cmb, and very little 
need he said about it liere. 

£gg8 yellowish- hrowr, changing to almost black. Early egg.s 
0*32 mm, Ijate eggs 0*4 mm. across. 

Pf'e-zoea about 1*28 mm. long, living for several bourn before 
changing to the fimt zoea. 

F%r%t zoea about 1*36 mm. long. From spine to spitm about the 
mine. Colour greenish-brown with yellow. Eye blackisli, 
dififiised with yellow. Many dark chromatophores, the most 
ehariicteristic being a long and inucli-branched one along the side 
of the campace which persists in the megalopa. 

Seemid zoea aliout 1*76 mm, long. Third zoea about 2*56 mm. 
Fourth zoea about 3*2 mm. 
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Megalopa \yit\\ a finely -pointed rostrum sticking out, but slightly 
bent. Length of carapace about 1*5 mun, including rostral spine. 
Inconspicuous protuberances on ca.rapace. Five setae on last 
pleopods. 

First Young Grab Stage speckled brownish, with a little yellow 
and red. About 1 *6 mm. across campace. Front waved so that 
three lobes are faintly perceptible ; arme<l with fine Imirs. Second 
and fourth lateral teeth smaller than the others. Later stages 
measure 1*9, 2-8, 4*2, 6 (one broken), and 8 mm.; the tenth 
young stage died, measuring 22 mm. across. Csnipace at first 
almost circular, gradually increasing in breadth, snd at about tlie 
fifth stage looking something like the adult, nlthougii even in the 
first stage it is recognizable, being distinguished from Portuims 
by the last legs, which have no f)addles. The following dates 
show the times taken for one crab to change into its successive 


stages : — 

First young crab from megalopa ... 9.7.2(> 

Second young crab from first 13.7.26 

Third young crab from .second 16.7.26 

Fourth 3 ’’oung crab from third 24.8.26 


S uhfamily PonrC'Mxi.w e. 

Zoea not known. Megalopa like Portnnm^ except that there 
are no spines on the coxte of the second to the fourth legs ; the 
hook on the ischia of the first very large. Young crab with 
the last legs adapted for swimming, hut witli long hairs on one 
side onl}*^ of the paddles. 

Oenns Portumnus. 

PORTUMNUS BIGUTTATtJS (Eisso). (PI. VIII. figs. 1~3.) 

This is a very rare crab in the Plymouth district, being di edged 
only occasionally. Tlie only larva known is a megalopa collected 
by Mr. Robert Gurne}" in August 1902. This he states wfts an 
intense blue. He kept it until it changed into the young crab, 
and kindly sent me botli specimens. 

Megalopa large and heavily built. Rostrum sticks out hori- 
zontally ill a long spine. Protuberances on carafuice apimrently 
not prominent (as only the cast skin was available, this may not 
be cori’ect). Abdomen broad. Last pleopods with eleven setae. 
Length of campace 2*2 mm. 

First Young Crab Stage 1*9 mm. across carapace ; length of 
carapace 2*3 mm. Tliree indistinct rounded lobes in front, five 
flat teeth laterally, the second and fourth the smallest. Last 
joint of last leg adapted for swimming, but with Jong hairs only 
on one side as in the a<lult. 

Family Pirimelid^. (?), fam, m 

(This family is placed here with a query, as the identity of the- 
larva on which it is based is not quite certain.) Iiaat zoea with 
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two Intoinl hpin«s on telsoiijono pnir extra internal setae. Hook- 
like kiiohs on second nlxloiMimil segment only. No long lateral 
spines. Megalopa witJi point-eil rostrum sticking straight out 
and a hook-like dor6al spine just behind the eentre of the 
carapace. Large hook on ischia of first leg. No hook-like spinea 
on othtjr legs. First and second ytJiiug crab stages with three 
rostral and five lateral teeth to carapace, all sharp and prominent ; 
last legs with swimming-paddles, penultimate legs with long 
hair.s. 


(lemi.S PiRlMELA (?). 

Almost certainly four zoeal stages (only last known). No 
lateral spines on carapace. No lateral spines on tliird to fifth 
abdominal segments. l)o! -»al and rostral spines long, especially 
dorsal. 

PlUIMELA DENTICFLATA (?). (PI. I. fig. 9; PI. VII. fig. 6; 
PI. VI II. figs. 4- (5.) 

Apparently closely related to Carcuius and also to Portunus 
and PoHuunms is a crah found in the Plymouth plankton in the 
last zoea ami megalopa. d'he zoea was kept until it had changed 
into a megalopa, ami tiie megalopa changed to a crab. One first 
young crab changed into a second ami then (Imd. AVe have, 
therefore, only these four .stages at present. 'I’lie larva? are rare, 
occurring only iu the late summer or early autumn, and only a 
few specimens were obta ined. They are exceptionally interesting, 
and seem to link the Poi tunidae with tlie CancridsB in an even 
more definite way than Carcinns, The only crab which it is at 
all likely to be is Plr 'imda dentlcidata IVIoutagii, one of the rare 
crabs of the district occurring occasionally at extreme low water 
among rocks, under stones, and in gravel ; and it is liere suggested 
that it lielongs to that Npecies. It is difficult to imagine what 
else it could be, as we know something about all the other larv® 
of the Plymouth Hrachyrhyncha, ami not one can he iden tilled 
with these specimens. The genus Pirimtla is nsually placed in 
the Canoridee with a separate suhgenus, the Pirimelma:, It is 
recorded as breeding in this district in March, and April. 
Kinahan (1856-^59) hatchet! out the zoea, and describes and 
figures it as having lateral spines on the carapace and resembling 
Cancer pagurus clo.sely, 'I'liis is one point against the present 
identification, as the zoea has no lateral spines. Tlie only other 
writer who refers t»o the larva is Cano (1891), who figures 
a megalQ]m having a pointed rostrum and no dorsal spine : but a 
figure of the first leg is shown with a large book ou the ischia,. 
▼ery similar to our specimens. The rostrum is like our megalopa, 
also the first leg, but our megalopa has a dorsal spine. This is, 
however, near the centre of the carapace, and does not stick out 
behind. It might easily have been overlooked by Cano. He also 
figures a second megalopa and a first young crab stage which he 
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attributes to Firimela, 'Pliis last is not at nil like our specimens. 
A point against its belonging to the Oancritl® is the fact that the 
young crab has distinct swimming-paddles on its last legs, the 
penultimate legs also bearing long hairs. The legs, however, 
become more normal in the second stage, although the last legs 
.still have distinct paddles and the little crab can swim 
beautifully. 

The following is a brief description : — 

Last zoea (evnlently the fourth) with no lateral spines to cara- 
pace. Length from dorsal spine to rostral spine exceeding the 
body-length ; body-length 3*2 mm., from spine to spine 3*6 mm. 
Dorsal spine very long. Carapace edged with long hairs. Ten 
setee on maxillipedes. Hook-like knobs on second al)doniinal 
segment only. No lateral spines on segmenis 3 to 5. Telson 
with one lateral spine and no extra internal sette. Colour chielly 
brown and orange-i)ink, with a long-branched brown chromato- 
phore, accompanied by orange on the side of the campace in the 
same position and of the same shape as in (Jarciniis. Other 
brown chromatophores on luirapace and ventral ly along abdomen 
accompanied by orange-pink, which also occurs on the dorsal 
spine. Antenna) like all the Portiinida) and CancridjB. Anten- 
nule slightly jointed. Rudimentary legs well developed. 

Megahpa with the same colouring ; the long lateral chroma- 
tophore still very conspicuous as in Carcinus. Rostrum pointed, 
sticking stmight out horizontally. A short hook-shaped spine, 
broad at the base, sticking up just behind the centre of the 
^sarapace. Carapace broad, with inconspicuous protuberances; 
length 2 nim. (including rosti'al spine), breadth 1*28 mm. Seven 
spines to last pleopods. Lu’ge hook on ischia of first leg, rmne 
•on othei* legs. 

First Youvg Crab Stage, Length of carapace 2*4 nim., breadth 
about the same. Three very sharply indented and rounded teeth 
in front, five sharp and fairly long teeth laterally. Much the 
shape of Portumnus, Very light-coloured — yellowish-brown with 
two dark spots dorsally behind the eyes. The two last pair of 
legs adapted for swimming, with long hairs on botli sides, the last 
joint of the last leg paddle-shaped. 

Second Young Crab Stage, Length of carapace 3*52 min., 
breadth 3*68 mm. Much like the first stage. Penultimate legs 
more normal, but still with long hairs; last legs still with paddles. 
The specimen is apparently a male with a long ami narrow 
abdomen, the third and fourth seginentsshowingasuture, but not 
divided so distinctly as the other joints. 

From this description vve apjmrently have a close I’elation of 
the Portunidae (having three teeth in front and five laterally 
in the young crab), resembling Portunns, Carcinus, and Portumnus, 
but diftei ing from all in important ways. 1 1 agrees with Pm*tmiu8 
in the swimming-legs of the young crab, and with Cardmis in the 
arrangement of its chromatophores, in having four zoeal stages 
«md in the absence of lateral spines on the carapace, in having 
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no lateral spines on segments 2 to 5 and only one latenil spine 
on the telson and no extra internal spines in tlie last zoea. la 
the jnegalo[)a it resembles Carcinus in colouring and the form 
of the rostrum, differing in having a dorsal spine on the carapace 
and no trace of hooks on the cox® of tlie second to the fourtli 
legs, resembling Portumnus in this and tlie large hook on the 
ischia of the first leg. In the young crab stages it resembles 
Porttcnmits in shape, but differs in having long bail's on both sides 
of the swimming -paddles. 

How can we reconcile these characters with Ph'iviela denii- 
mlataX In the first place, in the young ci-ab the front of the 
carapace and tlie lateral teeth strongly suggest that species, 
the front teeth being long and narrow, the laterals very sharp. 
The (carapace is, of course, much longer compansd with the width 
than ill the adult ; but this is so in all young crabs except in those 
which keep that shape in the adult ( Portanniua, Thia, Corystes). 
"J'he abdomen also suggests it, as it is very long and narrow and 
unlike PortunuB, A <;omparison with a balf-gi’own Pirimela 
shows a somewhat similar shape. The megalopa has a dorsal 
spine, which is characteristic of Cancer. AtelecyciuB^ and VorynteB^ 
but not of the Portunid®. Finally, all the Plymouth Poi tunidie 
are known in at least one zoeal stage except PortnmnuB^ which 
we know in the megalopa and young stages ami which are 
certainly not identical with the present species. The only other 
Hritifili l*ortunu8 is P, inhere which has not been as yet 
found at Plymouth ; hut the specimens here ilescribed cannot, 
1 think, by any possibility lielong to a true Poi^tunvsi, Pirimela 
is the only species of atiy 4>f the nrachyrhynclm occurring at 
Plymouth that I have not personally seen in the zoeal stage, 
'fhere seem to bo good reasons for regarding t bis as Pirimela ; 
but if this be correct, it is most interesting to find that it 
goes through a swimming stage, although the last legs in the 
adult have a distinct fringe of long hairs on one side, 1 
should sugge,st that, as it seems to have distinct affinities 
with the Cnneridai in the adult and even in the megalopa, 
but also shows relationship in the young stages witli the 
Portunid®, especially with Carcinus, it lie placed by itself 
in a family, the Pirinielid®, having a position between tlie 
Portunid® and the Caneridas, and that Carcinus be regarded as 
its nearest relative, Portunus and Portumnns being also closely 
connected. Is it not possible that a primitive form may have 
l>e6n free-swimming, and that Carcinus is more highly evolved 
than Porinnm ? 


Family 0 A n c r 1 1> . 

Pi*e-asoea with four long spines over exopodite of antenna. 
Five soeal stages. Carapace with dorsal, rostral, and lateral spines. 
Antenna as in the Portunid®. Hook-like knobs on second 
abdominal s^ment only in all stages. One and two extra 
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internal setse in later stages. Megalopa witli pointed rostrum 
sticking ont horizontally ; dorsal spine on carapace sticking out 
horizontally behind. Spine on coxae of second leg. Hook on 
ischia of lirst leg present or absent. First 3 'oung stage without 
swiintning*legs. Carapace round, with three denticulated teeth 
in front an<i live laterally with rudimentary teeth in between. 
Liiter young stages changing according to genus. 

Subfamily Chanchis.e, 

Genus Cancer. 

Zoeie with the characters of the fami) 3 \ Megalopa with large 
hook on ischia of first leg, small hook on second. The American 
species, Cancer avuenm, worked out by Conolly (1923), agrees 
with oui* species in nearly every important paHicular except lor 
the fact that he describes four zoeal stages only, the last having 
eleven and twelve setje on the niaxillipedes. The true fourth 
zoea must either be “ jumped ** or wa-s present but not found, 
the specimen being taken from the plankton. It seems likely 
that the latter explanation is the correct one. 

Cancer pagurus L. (Text-fig. 2, ii to 15 tk PI. 1. fig. 10; 
PI. V, fig. 5 ; PI. X. tigs. 3-5.) 

Tlie “ Edible Crab ” is common in the district, Wrrietl crabs 
occurring in spring and summer, chiefly in the spring, and zoew 
ami inegalopas in spring and early summer are abundant in the 
plankton. Young crabs from the first stage onwards can be 
found among the rocks under stones at low tide. The female 
carries lier eggs for many months. Jt is a remarkable fact that 
this well-known crab should still be so little knowui in its larxal 
stages. When these crab studies wwe begun in 1926, no refer- 
ence could be found to any zoeal stages later than the second, 
and the megalopa had never lieen described except by Couch, 
who WHS the first to see it but gave no details. Eggs were 
hatched out in the laboratory, ami pre-zoea and first zoea 
obtained, but they were extremely difticult to rear, only one 
specimen reaching the third zoeal stage. Later zoea? were col- 
lected from the plankton which changed to megalopa?, and these 
to crabs. 

Cancer was first Jiatched by Thompson (1829), later by Couch 
(1843), who figures it but omits the lateral spine. Couch (1853) 
also discovered ti»e megalopa in a bowl in which he had left some 
zoem liatched from theeggsjsowasreally the first and only worker 
to rear this crab. Williamson (1900, 1903, 1911, 1915) describes 
and figures the pre-zoea and first zoea, giving also an aocoimt of 
the growth of young crabs. Pearson (1908) figures the zoea. 
Cunningham (1898) in a most interesting paper describes the 
very yoang Cancer (evidently tlie fii‘st crab stage), showing how 
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doselv related it is to Atelecyclus. The whole of the life-history 
is now available. 

Eggs a brilliant orange, changing to a brownish colour. Early 
eggs b-32 inrn., late eggs 0*4 mm. across. 

Pre-zoea about 1*76 mm. in length, and remains moving about 
in the water bn* some hours before changing into the first zoea. 

First zoea about 1*76 mm. long. From spine to spine 2*4 mm. 
<Uolour chiefly orange and red, merging into pale yellow over the 
carapace and dorsudly. Dorsal spine bright red with a little 
black in the centre of the front, rostral spine pale pink. Eye 
blackish, with yellow and orange. 1'elson re<l with pink tips, 
retl on carapace and hides of al)domen. Black chroimitophores 
ill mouth-region, lateral part of carapace, base of lateral spines, 
and ventrally along abdomen ; a streak or two along intestine. 
Dorsal ami rostral spines nearly straight, laterals short in all 
stages. Antennal exopoiiite about one-third the length of the 
spinous process in all stages. 

Second zoea about 2*24 mm. long. From spine to spine 3*2 mm. 
Vary like first zoea, but with rudimentary limbs slightly more 
devtdoped. 

'Phird zota about 2*5 mm. long. From spine to spine about 
3 ,36 mm. Pleopods and antennal flagellum beginning. Six 
abdominal segments plus telson. Lateral spines beginning on 
third to fifth segments. Uudimentary legs more developed. One 
pair of evtra internal setie on telson. Long hairs on edge of 
carapace and in all the succeeding zoeie. 

Fourth zoea about 3 mm. long. From spine to spine 4*4 mm. 
Pleopods and antennal flagellum longer. Ltiteral spines longer 
on abdominal >egments. Two pairs of extra internal spines to 
tel.son. Rudimentary limbs more developed. 

Fifth zoea iilxmt 4 mm, long. From spine to si>ine 4*5 mm. 
Pleopods long. Ijatci-al spines on abdominal segments long. 
Rudimentary limbs well developed and showing traces of joints. 
First leg chelate. Aiitennules jointed with branch. Antennal 
flagellum slightly jointed. Mandible \iith }>alp. 

Megalopa with pointed rostrum. Dorsal spine sticking out 
behind carapace almost horizontally, but slightly curle<l upwards. 
Colour orange and red with very little black. Rostral spine 
yellow, dorsal red. Length of carapace (including rostral spine) 
^2*24 mm. Eight spines on last pleopods, rarely nine. Large 
hook on iscbia of first leg, small hook on second. Prominences 
on carapace indistinct. 

First Young Crab Stage nearly round, with three denticulated 
lobes in fi*ont and five denticulatecl Intern! teeth with rudi- 
mentary teeth in between. Colour oiange. Length of cara|>ace 
*2*4 mm., breadth about the same. This is the stage figured by 
Cunningham (op. cit,), which is so like A ieheydus. The little cmb 
covers its h^y with anything it can find, the second and thiid 
young stages doing the same. 

Seeofid Young Cmh Stage #ith the lobes not nearly so spiny, 
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but the margins crenulated. Ten teeth laterally. Length of 
carapace 2*64 inm., breadth 3 mm. The breadth now gmdually 
increases and the adult shape is soon assumed. Breadth of cara- 
pace in third to sixth young stages 5*28, 6*7, 10, and 14 mm. 
The following dates show the times of changing skin in one 


crab : — 

First young crab from megalopa ... 7. 7.26 

Second young crab from first 19. 7.26 

Third young crab from second 13. 8*26 

Fourth young crab from third 31. 8.26 

Fifth young crab from fourth 27. 9.26 

Sixth young crab from fifth 30.11.26 


Su bf am i ly A telecycIsI y .e. 

Genus Atelkcyclus. 

Like Cancer in the zoeal stages. Megalopa without a large 
hook on the ischia of the first leg, but a small hook on the ischia 
of the second. 

Atelecyclus septemdentatls Leach. (PI. JI. fig. 1 ; PI. IX* 
figs. 1-6 ; PI. X. figs, 1-2.) 

Tlie “Circular Crab’^ occui's commonly in the district both 
inside and outside the 8ound on the usual dredging and ti*a.wling 
grounds. Berried females abundant in early s])ring. Laivai 
common in the plankton in spring, rare in summei’, and absent 
altogether in autumn and winter. The pre-zoese and first zoeae 
were hatched from the eggs, but only one second zoea appeared, 
and this died. Later stages were collected from the plankton, 
and kept until they changed into megalopte and crabs. Nothing 
is known up to the present time of any of the larval stages of 
this crab, hich are so like Cancer and are evidently very closely 
related to it. Cunningham {op. cit.) knew the very eaily yoting 
crab stages, and compares them wdth Cancer, showing how like 
they are to similar stages of that species. 

Eggs orange, turning to light brown. Early eggs 3*5 mm., 
later eggs 4*2 mm. across. 

Pre-zoea about 1*36 mni. long, living for some hours before 
setting free the first zoea. 

First zoea about 1*6 mm. long. From spine to spine about 
the same. Antennal exopodite about half the length of the 
spinous process, gradually lengthening in the later stages. 
Colour orange and yellow with very little red ; black chromato- 
phores accompanied by brownish -orange conspicuous on carapace 
and ventrally on abdomen. Dorsal spine colourless, turning to 
pale yellow, never red. Dorsal and I’ostral spines curved, 
becoming stmighter in the later stages. All the zoeal stages 
agree so much in essential cbaracteis with Cancer that it is not 
necessary to describe them in detail* 



STAGES OF THE PLYMOUTH BBACHYURA. 52r> 

Seco7id xoea about 2*24 mm. From spine to spine about the 
same. 

Third zoea about 3 mui. long. From spine to spine about the 
same. 

Fourth zoea about 3*8 mm. long. From spine to spine about 
the same. 

Fifth zoea about 4*2 mm. long. From spine to spine al)out 
the same. 

Megalopa much the same shape as in Caiicer^ but larger; the 
dorsal spine shorter. Orange and yellow. Last pleopods with 
ten or eleven sette. Carapace 2*7 mm. long, 1*6 mm. broad. 

First Young Grab Stage very like the same stage in Cancer. 
Brea<lth of carapace of second young stage 2 mm. The second 
and Irtter stages remain round, and can be easily distinguished 
from similar stages of Cancer. Both species are yellowish and 
orange, the colour deepening as tine crab gets oldei*. Both cover 
their bodies with extraneous material in the very early crab 
stages. 

It has already been stated that the later zoese of Portunus 
puber resemble very closely those of Cancer and Atelecyclus. In 
the living specimens it is easy to distinguish them by their colour, 
P.puber being much more of an eosin-pink wiih a good deal of 
black, especially along the intestine, Cancer bright red and 
orange with only a little black, and Ateleci/clus yellow and orange 
with very distinct and separate dark cliromatophores, particularly 
on tin? carapace. In preserved material none of the colours can 
be relied on. Atelecyclus can be separated from the other two 
by its dorsal and rostral spines, which are shorter, but Ca^icer 
and Portunus puher resemble one another very closely in the last 
two stages. In P, puher the rosti*al spine is shorter than in 
Cancer y ainl in the earlier stages the dorsal also, but in the later 
stages the dorsal spines may be of the «une length and straighter 
in P.puber. On the whole the best character is the length of 
the antennal exopodite compared with the length of the spinous 
process, which is also the best way of distinguishing Cancer from 
Atelecyclus. In Portunm puher the antennal exopodite is about 
one-half the length of tlie spinous process, in Cancer about one- 
third the length, and in the later stages of Atelecyclus more 
than half the length. 


Family C o e y s t i n .e. 

Antennal flagellum very long in later zoeie. One lateral spine 
on telson in all stages. One to four pairs of extra internal setse 
in later stages. Hook-like knobs on second abdominal segment 
only. Megalopa with three-toothed rostrum, lateral spines at 
edge of carapace, and a small dorsal spine behind the centre. 
First young stage with excavated rostrum forming two short 
horns, 

Peoo. Zool. Soo.— 1928, No. XNXV, . 35 
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Genus Corystes, 

Five zoeal stages. All spines present on carapace. Antenna 
like Portunus^ but with the flagellum growing fast anti in the 
later stages exceetling the length of the spinous process. Lateral 
spines on abdominal segments 3 to 5 in later stages. 
Megalopa with three lateral spines at etlge of carapace. Ischia 
of first leg with small book ; small hooks on coxae of iscbia of 
second to fourth legs. From the megalopa onwai-ds the flagella 
which form the breathing- tube attain to the enormous length 
characteristic of this burrowing ci-ab. 

OoRYSTES CASSiVELAUNUS (^Pennant). (PI. II. fig. 2 ; PI. Xill. 
figs, 2-3.) 

The “Masked Crab*’ is common on the dredging and trawling 
grounds both inside and outside the Sound. The berried females 
are usually rare, but occasionally occur in numbers. Six were 
once taken together in Cawsand Bay in April 1926, and the 
day after 72 were taken outside the Sound. In 1925 the 
only berried females taken in tho year were two specimens in 
July. Unfortunately none of the eggs hatched, although the 
crabs carried them for months and lived for a long time. It was 
therefore necessary to collect the larval stages from the plankton 
and rear them to the crab stages in the laboratory. The zoete 
are very abundant in the plankton in spring and early summer, 
sometimes occurring in swarms, sometimes also the megalopte. 
All of them are easily recognizable, as they are the largest crab 
larves, the very long dorsal and rostral spines in all stages except 
the last, and the length of the flagellum in the later stages, 
separating thorn from any of the others. All the five zoeal 
stages were obtained from the plankton and the megalopa, the 
earlier changing into the later stages, and the fiftli into the 
megalopa in the laboratory. Young crabs up to the fiftli stage 
were obtained from these megalopce. The life-bistory from 
plankton specimens has been beautifully workecl out by Gurney 
(1903), who gives very good illustrations. He, however, only 
recognized four zoeal stages, one, the third, being overlooked. 
In his drawing of the megalopa he omits the feelers at the end 
of the last leg, which are truly present and are of importance, 
being a distinguishing character of the typical Bi‘achyrhyncha. 

Eggs bright orange-red. Early eggs 0*4 mm., late eggs 
0*48 mm. across. 

Pre^siom not known. 

First zoea about 2*4 mm. long. From spine to spine 4 mm. 
Colour reddish-brown ; dorsal and rostral spines pink, with a little 
dark brown irregularly splashed over it. Main part of carapace 
pinkish-brown, with dark brown chromatophores mixed with 
black above and below the intestine and in the mouth-parfei, red* 
brown, and black along the abdomen, black ventrally and on the 
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base of tlie maxillipedes. Eyes blackish-brown with a little 
yellow. Four setae on maxillipedes. 

Second zoea about .‘{-4 mm. From spine to spine 5*5 mm. 
8ix setoR on maxillipedes. One extra internal of sehe on 
telson. This second zoea is rather more advanced than most of 
the second zoea* of the lhacbyrhyncha, having the sixth 
abdominal segment separated from the telson and the extra pair 
of internal spines. Pleopods sliow as small protuberances, and 
the antennal nagelliim is beginning to form. Gurney suggests 
that here there may bo mo!*e than one stage, as he found 
dillerences in the specimens. This may indicate the third stage, 
which he does not describe, for, although he attributes six setae 
to the maxillipedes of this zoea, the figure shows nine and 
ten. 

Third zoea about 4*5 mm. long. From spine to spine 8 mm. 
Antennal llagellum fairly long. Ten set® to maxillipedes, which 
is exceptional in a third zoea, the usual number being eight. 
Two pairs of extrji internal seta* to telson (exceptionally two on 
one shle and one on the other). 

Fourth zoea about 5*5 mm. long. From spine to spine 9*5 mm. 
Antennal llagellum much longer. Twelve setie to maxillipedes, 
usually plus one lateral seta. Tins, again, is exceptional in a 
foxirth zoea, the usual number being ten. 1'bree pairs of extra 
internal seta* to telson (or three on one side and two on the 
otln*r), again unusual and more than the typical number. Legs 
already slightly jointed and pleopods fairly long. 

Fifth zoea about 7*5 mm, long. From spine to spine 9*6 mm. 
Fourteen setm to niuxillipedes plus two small laterals. Four 
extra pairs of internal setie to telson, more than in any other 
known crab. Legs jointed and much developed, the whole form 
heavy and length of spines much reduced compared with the 
body-length. Flagellum a good deal longer than the spinous 
process. 

Megalojya very large and far advanced. Carapace 3*30 mm. 
long, 3*24 mm. broad. Ijength of antennal flagellum 3*5 mm, 
Small dorsal sj)ine behind centre of carapace. A j>air of spines 
behind the eyes. Three teeth at edge of carapace, three in front. 
Ten setje on last pleopods. This megalopa, with its three-toothed 
rostrum and three lateral teeth on the carapace, is more like a 
crab stage than a megalopa, and resembles a young Portunid 
which has already been shown by Gurney, who mentions that it 
may already burrow iu sand, although capable of swimming well 
with its pleopods. Altogether the differc^it larval stages of 
CorysteB are exceptionally advanced. 

FitBt Young Crab Stage with two- horned rostrum. Four 
lateral teeth to carapace, the fourth minute and near the hind 
end. Length of carapace 4*48 mm., breadth the same. As the 
crab grows, the carapace becomes longer. 

The following data show the time taken in successive 

36 * 
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changes of skin in one crab ( cf ) from last zoeu to fifth crab 
stage : — 

First young crab from megalopa ... 20.5.26 


Second young crab from first 31 .5.26 

Third young crab from second 14.6.26 

Foui’th young crab from third 22.7.26 

Fiftli young crab from fourth 11.8,26 


Family T h 1 1 o fam. n. 

Thia is usually placed with or near Atdecyclus, It is, however, 
dijSerent in many ways, and in its larval stages does not fit into 
any family, although apparently near the Oancridae and Corys- 
tid». It is thought advisable to place it in a separate family. 

One lateral spine to telson in all stages. One pair of extra 
internal set® in stages 2 to 4. Hook-like knobs on second 
abdominal segment only. Megalopa with pointed rostrum sliglitly 
bent ; smooth carapace without dorsal spine. First young crab 
stage with three lobes slightly indicated in front and four lateral 
teeth on carapace, and a fifth rudimentary tooth between the 
second and third. 


Genus Thia* 

Four zoeal stages. All spines present on carapace. Antenna 
like Portnnua. No lateral spines on abdominal segments in later 
stages. Megalopa without spines on ischia of first leg and none 
on cox(e of legs 2 to 4, although there appears to be i*emnants 
in the shape of small knobs. 

Thia polita Leach. (PI. I. fig. 11 ; PI. VIII. figs. 7-8.) 

Very rare in this district and only occasionally dredged out- 
side the Sound. It has not been seen here in berry, but the larv«i 
occur in the plankton in late summer. Three out of the four 
zoeal stages have been collected as well as the megalopa, the 
latter also being obtained from the last zoea and young crabs 
from these. Claus (1876) figures the fix’st zoea, telson, and 
antenna, but shows two lateral spines on the telson, whilst I find 
only one. Cano (1892) has given a good account of the larvie, 
describing three zoese, the megalopa, and the young crab. He 
omits the third zoea which occurs at Plymouth, the first not 
being seen. Pre-zoea not known. Zoe® with very long dorsal 
spines, straight, the rostral a good deal shorter. Colour — much 
chocolate-brown occurring as a bar at about the middle of the 
dorsal spine, a strong line accompanying the front part of 
the intestine, along ventral surface of abdomen, on mandible, 
and at sides of carapace. Eye blackish-brown with yellow. 
Yellow accompanying brown on dorsal spine ; sides of carapace 
and abdomen with reddish -orange. Telson slightly orange^ 
turning to yellow. 
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First zom described and figured by Cano and figured by Claus. 
Not seen at Plymouth. 

Second zoea about 3*36 mm. long. From spine to spine 
3*5 mm. Dorsal spine 1*8 mm., rostral 0*96 mm. long. Legs 
fairly well developed. Long hairs round edge of carapace. 

Third zoea al)out 3*84 mm. long. From spine to spine 4'6 mm. 
Dorsal spine 2‘24 mm., rostral 1*12 mm. long. Pleopods con- 
spicuous. 

Fourth zoea about 4*16 mm. long. From spine to spine 
5*28 rnm. Dorsal spine 2*56 mm., lostral 1*6 mm. long. Ten 
setfe on maxilli pedes plus two small laterals. Legs jointed. 
Antennal flagellum jointed. Mandible with palp. Pleopods long. 

Megalopa light-coloured, speckled, and smooth. Carapace 
(including rostral spine) 2*28 mm. long, 1*6 mm. broad. Eight 
setfe to last pleopofls. 

First Young Crab Stage whitish, porcellanous, faint yellowish 
in region of liver. Front faintly three-lobed, with centre pro- 
truding. Four lateral teeth, a fifth being indicated between 
second and third, disappearing in second young stage, and in this 
stage the front is no longer three-lobed, but slightly pointed. 
Breadth of carapace of first stage 2*8 mm. The first few stages 
rea<lily cover themselves wdth extraneous matter like Cancer, 


Family X A n T h i n 

Pre-zoea uith four long spines over antennal exopoditc. Zoesc 
with three lateral spines on telson in all stages, or one tending 
to disappear in later stages (in certain foreign forms, apparently, 
there may be none at all). Guo or two extra pairs of internal 
sctie in later stages, or these may be absent. Antenna with 
rudimentary exopodite, or wdth one nearly as long as the spinous 
process. Lateral spines on abdominal segments 3 to 5 or 
6 in later stages or in all stages. Lateral knobs on abdominal 
segments 2 and 3 in all stages. Megalopa with pointed bent 
rostrum or the rostrum rudimentary, the angles with or 
without spines. Young cmb with emarginate front. Three 
or four latei*al spines to carapace. 


Subfamily 

Pour zoeal stiiges. Zoea with one and two extra paij*s of 
internal set«e on telson in third and fourth zoe®. Antenna with 
rudimentary exopodite. All spines present on carapace. Lateral 
spines on segments 3 to 5 or 6 in later stages. Megalopa with 
very short notched rostrum bent down ; the two angles with or 
without spines. No dorsal spine on carapace and inconspicuous 
protuberances^ Large hook on isehia of first leg. None on 
ooxie of legs 2 to 4. 
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Genus Xantho. 

Lateml spines on segments 3 to 5 in later zoea). Telson 
with three lateral spines, the middle one very small and almost 
disappearing in the last zoea. One pair extra internal seta) in 
third, two pairs in fourth zoea. Megalopa with a thick spine on 
each side of rostrum and minute central bilobed spine. Xmitho 
can be distinguished from all other British zoeae by its rudi- 
mentary exopodite to the antenna. Cano (1891) describes the 
various larval stages of a Xantho, but does not identify the 
species. His description and figures agree fairly well with 
X. incisus, but lie thinks there are two Tuegalopte, whilst I find 
only one. There can be no doubt in the case of ^V. incisus, as it 
was reared from egg to crab in the laboratory. Hyman (1925), 
in his review of the larval Xanthi<laB, describing Xenpanajm 
texana sayi (Smith), states : “ According to Birge, there are four 
moults during the megalopa stage. The changes at each moult 
are slight howcv^er.” And again: “ After at least four moults, 
the megalopa assumes the form of the first crab.’* It is difficult 
to be certain from this w'hethei* Hyman hinjself actually saw 
these moults. He states that he checked over the (k^velopment 
on material secured at Beaufort, but adds nothing on this point. 
It seems likely tliat there really is only one megalopa, wluoh 
assumes different aspects when young and old. 

Xantho incisus Leach. (PJ. II. fig. 3 ; PI. XI. figs. 5-9.) 

This crab is common under stones among the rocks at low tide 
in the district. Berried females in spring and early summer. 
Very few larval forms are, however, seen in the plankton, zoese 
occasionally in the summer. Eggs were liatched in plunger- jars 
and all the larval stages and young crab reared. The zoeai were 
fed on oyster larvje ; the megalopte and young crab on pieces of 
mussel. Unfortunately, the young crab died before moulting 
any further. 

Eggs very dark brown from extrusion to time of hatching, 
having a speckled appearance just before liatcbing, owing to the 
eyes showing through the egg-membrane. Early eggs 0*36 mm,, 
late eggs 0*48 mm. across. 

Pre-zoea about 1*5 mm. long, remaining active for some hours 
before setting free the first zoea, 

First zoea about 1*8 mm. long. From spine to spine 1*76 mm. 
Dorsal spine curved. Colour mainly red and yellow, with 
blaokish-brown chroniatophores in the mouth-x’egion, above and 
below lateral spines of carapace, along intestine and below it, on 
the basal segments of the maxillipedes, and ventrally on the 
abdominal segments. The dark pigment Is usually accompanied 
by red, which diffuses into a pale red on eye, lower sides of 
carapace, and base of maxillipedes, whilst the upper part, base 
of antennule, and main part of abdomen ventrally are pale 
yellow. Dorsal and rostral spines, telson, and ends of maxilli* 
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pedes colourless. Exopodite of antenna rudimentary, with one 
or two spines ; spinous process long. Median lateral spine of 
telson minute. Short lateral spines on abdominal segments 
3 to 5, Rudimentary limbs hidden under carapace. 

Second zoea very like the first, but dorsal spine straighter. 
Length about 1*92 mm. From spine to spine 2*24 mm. liiteral 
spines longer on abdominal segments 3 and 4. Rudimentary 
limbs still hidden. 

Third zoea Jibout 2 4 mm. long. From spine to spine 2*88 mm. 
Flagellum of antenna well d 0 veloj>ed. Rudimcmtary limbs 
showing outside carapace. Sixth abdominal segment separated 
from telson. IMeopods tlistinct. Lateral spines on segments 
3 to 5 longer. Telson with an extra pair of internal spines. 

Fourth zoea about 2 8 mm. long. From s[)ine to spine 3*4 mm. 
Antennule with branch. Antenna with fairly long flagellum, 
unjointed. Rudimentary limbs larger, but hardly jointed. Spines 
on abdominal segments 3 to 5 longer. Telson with the middle 
lateral spine niinute. Two extra pairs of internal sette. 

MegaJnpa witli almost square rostrum bent down in the centre 
into a short bifi<l tooth, the angles of the rostrum each ending in 
a strong tooth, (.arapace without conspicuous prominences. 
Last pleopods with ten setie. Length of carapace 1*36 mm., 
breadth 0 S4 mm. 

First Young Crab Stage. Carapace almost round, front in- 
dented in the centi e. 'Fliree denticulated teeth. Colour pinkish- 
brown. Length of carapace 2 mm., breadth 1*92 mm. 

The following dates show the times of changing of one in- 


dividual from pre-zoea to first crab stage : — 

Pre-zoea 17.6.27 

First zoea 17.6.27 

Second zoea from first 22.0.27 

Third zoea from second 1.7.27 

Fourth zoea from third 11.7.27 

Megalopa from fourth zoea 18.7.27 

First young crab from inegalopa ... 8.8.27 


It thus took about a month from pre-zoea to megalopa and 
nearly three weeks from megalopa to crab, the last probably 
abnormally long. 

Xantho hydrophilus Herbst. (PI. II. fig. 4.) 

Much rarer than X. hicuvs ; occurring in the same localities, but 
usually much further down, so that it cun only be collected at 
extremely low tides. No larvee of this species have been seen in 
the plankton. Berried ci*abs in spring. The pre-zoea and first 
zoea were obtained from the eggs, but did not live. Gourret 
{op. dt.) gives a figure of the first zoea and telson from Mar-* 
seiiles. Otherwise its life-history is not known. 

Eggs dark brown, Ijate eggs 0*36 mm. across. 

iVs-xoea about 1*28 mm. long, soon changing to the fii'St zoaa» 
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First smaller than X, incisus^ about 0*70 mm. long. From 
spine to spine about the same. Dorsal spine rather more curved 
at the tip, but otherwise very like X. incisus. Colour pale 
pinkish-orange with bright red in mouth-region, above lateral 
spine, along intestine, and at Ixase of maxillipedes. Orange 
chrornatophores along abdomen. Eye black with pinkish- 
orange. No other black or only a trace. 


Subfamily Me.yjppja^^\ 

No extra pairs of internal seta^ on telson. Antenna with 
exopodite nearly as long or ns long as the spinous process. All 
spines present on carapace. Lateral spines on abdominal 
segments 2 or 3 to 5 or G in later stages. Megalopa with 
pointed rostrum, much bent. No dorsal spine on carapace, 
but conspicuous prominences. Hook on ischia of first leg. 
Rudimentary hooks on ischia of second and third, and of coxa? 
of second, third, and fourth legs. 

Genus Pilumnus. 

Lateral spines on all abdominal segments, except first, in later 
stages Tery short doi*sal and rostral spines, dorsal much curved. 
Telson with three lateral spines in all stages. Megalopa without 
teeth at angles of rostrum. Rostral spine long and sharply 
pointed, much l>ent. First young crab stage with front indented 
in centre. Pilumnus can be distinguished at once from Xantho 
in the zoea by its long antennal exopo<lite. Cano (1891) describes 
and figures Pilumnus sp. in the first, second, and fourth zoea, 
megalopa (he describes two), and young crab. It is almost 
certain that the two megalopa) are really only different phases of 
one, for there is certainly only one at Plymouth. The lost zoea 
changed into the megalopa, and this into the young cmb in the 
laboratory. Cano’s species is probably P, hirtellnsy as the Medi- 
terranean species P. xnllosus and P, spinife raie now regaixied as 
varieties of P. hirtellm (Milne- Ed warden and Bouvier, 1891). 
It is interesting, however, to find that Cano’s figures show a 
slightly more advanced development than those from Plymouth, 
a fact comparable with a former observation (Lebour, 1927) in 
the Mediterranean and British species of Mata. 

Pilumnus hirtkllus (L.). (PI. 11. fig. 5; PI. X. figs, 6-8; 
PI. XL figs. 1-4.) 

Common in the district under stones between tide-marks, 
often found with Xani^to incisus^ and sometimes dredged inside 
the Sound. Berried crabs in spring and summer, chiefly spring, 
and larv» abundant in spring and throughout the summer. The 
young were reared on oyster larvss in the laboratory from egg to 
megalopa, the young crab being obtained {rom a megalopa from 
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a last, zoea taken in the plankton. Williamson ;1915) gives 
original figures of the first zoea. 

Eggs dark brown. Early eggs 0*35 ram., late eggs 0*4 ram. 
across 

Fre-zoea about 1*3 mra. long. Moves about for several hours 
before changing to the first zoea. 

First zoea about 1*5 mm. long. From spine to spine 0*96 mm. 
Dorsal spine al>out 0*4 mm. long, curved, sometimes, but not 
always, toothed at the apex. Rostral spine about 0*25 mm. long. 
Lateral sj)ine8 very short. Antenna with exopod ite nearly as 
long as the spinous process, spiny. Rudiments of legs present. 
Carapace edged with fine teeth and long Itairs. Abdominal 
segments denticulated at the hin<l mai'gins. Lateral spines on 
second to fifth segments, longest on third. Colour reddish- 
brown witli black chroinatophores, accompanied by red at the 
base of the back of the dorsal spine, mo nth -region, base of second 
maxillipede, along intestine, and ventrally along the aVjdomen. 
Some yellow with the red. Main colour reddish-brown. 

^Seco7id zoea much like first. About 1*8 mm. long. From spine 
to spine 1*12 mm. Antenna with short flagellum ; pk»opods just 
indicated. Margin of carapace and aMominal segments as in 
first stage. IjnteraJ spine on first segment as well as second to 
fifth. 

Third zoea about 2 mm. long. From spine to spine 1*28 mm. 
Antennal flagellum and pleopods longer. Sixth abdominal seg- 
ment separated from telson. Lf^teral spines on all the segments. 
Otherwise canipace and abdomen as before. Rudimentary legs 
larger. 

Fourth zoea about 2*5 mm. long. From spine to spine 1*4 mm. 
Antennule jointed with branch. Rudimentary legs jointed, 
large. Antennal flagelluiu and pleopods long. Spines on third 
and fouHh abdominal segments long. Canipace and abdomen 
otherwise as in third zoea. 

Megalopa, Same colouring as zoeie. Carapace 0*96 mm. long, 
breadth 0*80 mm. Rostrum fine-pointed, long, bent at an obtuse 
angle. ConspicuouM protuberances on carapace, but no spines. 
Six seta' on last pleopods. 

First Young Crab Stage very small, brownish. Carapace 
0*88 mm. long, 1*28 nmi, broad. Front indented, hairy. Four 
sharp lateral teeth at edge of carapace. Two notches in orbit. 
No further young stages reared. 

The following dates show the changes from pre^-zoea to 


megalopa : — 

Pre-zoea and first zoea 12.8.26 

Second zoea from first 17.8.26 

Third zoea from second 23.8.26 

Fourth zoea from third 26.8.26 

Megalopa from fourth zoea 3.9.26 


In this series the growth was quick, leas than three weeks 
hmng taken to reach the megalopa. 
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Family GoNOPLACiDiE. 

Tlie only British representative of tliis family is Gonoplax 
rhomboides. As no otlier specie.^ are known in their larval 
stages, the chai*acters are given nnder the genus. 

Subfamily GoNOPLACix^f^:, 

Geniis Gonoplax* 

Four zoeal stages. All spines on carapace pi*esent. Antenna 
with pointed exopo<lite about the same length as the spinous 
process. Abdomen with knobs on the second to the fourth or 
fifth segments in all stages, and lateral s[)ines on the third to 
the dftl) in later stages. Telson with two lateral spines in all 
stages. One and two pairs of extra internal seta3 in later stages. 
Megalopa with broad squarish rostrum without spine. No 
dorsiil spine on carajmce and inconspicuous protuberances. 
Hooks on ischiiie of all legs except last. First young stage very 
like the adult. 

Gonoplax rhomboides (L.). (PI. II. fig.fi; PI. XI. fig. 10; 
PI. XII. figs. 1-4.) 

The Angular Crab*' is fairly common in the district on the 
usual dredging and trawling grounds inside and outside the 
Soun<i. Berried crab recorded by Mr, B, A. Todd in June 
and the young hatched out by him (Plymouth Invertebrate 
Fauna, 1904), but otherwise no berried cmbs seen *. The 
larvae are fairly common in the plankton in September and 
early autumn. These have been kept through various changes^ 
and the young crab reared through several nmults from the 
megalopa and last zoea. The only other record of larval Gonoplax 
is of the megalopaby Cano (1891), but this cannot be the present 
species, and almost certainly is not a Gonoplax at all, having a long 
dorsal spine which is lacking in Gonoplax rhofnboidee* Cano's 
specimen might be one of the Canerid®, The first to the fourth 
(last) zoe® and the megalo|)a were recognized in the Plymouth 
plankton. They are easily distinguished by their beautiful 
bright pink colour, unlike any other cmb larv®, 

Sgcfs and pre-zoea not available for study* 

First zoea about 0*80 mm. long. From spine to spine 
0*88 mm. Spines slightly curved. Colour brilliant pink in the 
mouth-region, diffusing into the lower part of carapace, on rostial 
spine, at the base of dorsal spine behind, behind and above lateral 
spines, along the intestine and abdomen, and at the middle joint 
of miucillipedes. Most of the red masses accompanied by black ; 
eye black. Above the red on carapace and spreading on to the 
eye it is a diffuse pale yellow and also along abdomen. The zoes 9 
have fairly long dorsal and rostral spines, short laterals, and 
antennal exopodite as long as or nearly as long ss sphnous process, 
pointed with spines about half-way along. Zoem with 4, 6, 8, 
^ 8«e footnotf, p. 4179^ 
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10 set® respectively on maxillipedes. Alxloiinen witli knobs on 
secoiKl, third, fourth, and sometimes fifth segments in all stages. 
Lateral spines on third, fourth, and fifth in all stages, gradually 
growing longer, anti very long in last stage. Telson with two 
lateral spines in all stages ; an extra pair of internal seta; in third 
and two exti a pairs in fourth stage. No pleopods in second ; 
fairly well developed in third and long in fourth stage. Rudi- 
mentary legs conspicuous in third and unusually large in fourth 
stage. 

Second zoea much like fir.',!. About 1*04 mm. long. From 
spine to spine 1*2 rain. Antennal flagellum a minute hutl. 

7'hird zom about 2*8 miu. long. From spine to spine 3*2 mm. 
Antennal llagelluin well developed. Pleopods small. 

Fourth zoea aliout 3 fi mm. long. From spine to spine 3*8 mm. 
Antennal tlagellum nearly si.s long as exopodite and spinous 
piwess. A uteruiule jointed with branch. Mandible witli palp. 
Pleopods long, 

Megalopa with sfjuarish rostrum slightly bent, armed with a 
few iiair.s. A pair of sharp spines behind eyes. Abdominal 
segments four and five with lateiai spines. Length of carapace 
l*fi8 mm., breadth 1*44 mm. Last pleopods with eight sera;. 
First leg with largo liook ou ischia, small hook on rnera, second, 
third, and fourth legs with hooks on coxas, ischi®, and has®, one 
exti'a small knob on ischia. 

First Crab Stage with two latei’al teeth on edge of 

carapace ami fiat front like adult. Breadth of carapace 2*24 mm. 
Second young stage 3*8, third 4*9, and fourth 0 mm. The 
following dates show the times of changing skin : — 


Megalopii from last zoe® 13. 8.2(> 

First young crab stage from megalopa 20. 8.2fi 

Second young crab from first 10. 9.26 

Tliird young crab from second 16. 9.26 

Fourth young crab fixmi third 7,10.26 

Fifth young crab from fourth 9.11.26 


Family P i x x ox ii e u i d iE. 

Zf;>ea very varialile. Antenna a rudimentary stump. Spines 
of carapiure present or absent. A tendency to live near the 
bottom is shown. Telson variable, three-lobed or forked. 
AlKiouiinal segments five plus telson in all stages, having a 
tendency to spread out as they appixiach the telson. Knobs on 
second and thiixi abdominal segments in all stages. Tw^o or more 
Eoeal stages. Megalopa without rostrum and witliout feelers on 
last joint of last legs. 

The two British species are very unlike one another, as has 
been shown already in a pi'evious paper (Lebour, 1928), and it is 
very likely that they should be placed in difiet*ent genera. This 
is not done here, however, as only the larval stages are dealt 
with# 
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Genus Pinnotheres 

(ms represented by the two British species). 

Zoea with or without dorsal spine. Rostrsl spine and laterals 
present, but may be reduced. Laterals bending downwards. Two 
or more zoeal stages. Telson three-lobed, witl) three setie each 
side of central lobe. One or several outer lateral teeth. Megalopa 
only known in P. vetemm. Young stages from megalopa not 
known. 

Pinnotheres pisum (Penn.). (P). III. fig. 1 ; PI. XII. 
figs. 5-8, 10.) 

The “Common Pea Crab” is common inside the mussel 
{Mytilus edulis) in the Plymouth district ; it is also recorded from 
Modiola vulgaris and certain ascidians. Berried females in late 
spring and early summer, rarely in autumn. ZoesD occasionally 
in tlie plankton in summer. Megalopa and young crab stages 
not known, nor the later zoeje. This is one of the earliest known 
crab larvae, hatched out and figured by Thompson (1835). No 
further work had been done on it until the f>resent investigations 
were undertaken and a paper published describing the eggs, 
pre-zoea, and first zoea (1928). Since then a second (?) zoeal 
stage was found in the plankton which Rhn(»t cei*tainly belongs 
to this species. The pre-zoeae wwe hatched out in the laboratory, 
and changed almost at once to first zoea). Unfortunately, the 
embryonic cuticle wm not seen properly, as it is extremely tliin 
and fragile. The first zoeae did not live to change further, 
although they fed well on the diatom yitzschia. The zoese 
congregate near the bottom of the aquarium-like Khalia, although 
when first hatched they keep at the top. They are usually curled 
up in a ball with the aMomen under the body, and present very 
little surface for floating. 

JSggs bright orange-red changing to brownish. Early egg 
0*27 mm., late eggs 0*3 mm. across. 

Pre-zoea about 0*80 mm. long, changing almost directly to the 
first zoe«e. 

First zoea about 0*96 mm. long. Colour greenish, nia<le up of 
black chrornatophores accompanied by yellow and a little orange. 
Eye black with a little yellow. Black chrornatophores dorsally, 
at sides of carapace, in mouth -region, and on abdominal segments, 
accompanied by yellow and a little orange. No dorsal spine. 
Rostral spine 0*2 mm., laterals 0*14 mm. long. Oai'a{)ace egg- 
shaped, covering traces of rudimentary legs. Abdomen gradually 
widening towards telson. Telson with three lobes ; central lobe 
longer than outer lobes, which are pointed and denticulated on 
their outer margin. No trace of pleopods, showing that theve 
must be more than two zoeal stages. 

Second zoea (?). This is presumably the second zoea of 
K ptsum^ having the same form and colouring. Only one 
specimen was found in the plankton, and it differs so much in 
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the rostral and lateral spines that it is possible we have here to 
do with another species, but not likely, or possibly it may be 
abnormal, but this is not likely, as it looked veiy healthy and 
lively. On the whole it seems most prol^uble that it belongs to 
P, piauni, There are six setad on the inaxillipecles, so that it 
is probably the second zoca, but it might possibly be a third zoea, 
having, like Ehalia and unlike the remaining Brachyrhyncha, 
the second and third xoeal steges botli with six setje on the 
maxillijjedes. Colour the sanie as in the first zoea. Length 
about 1*28 mm. Curled tip in a ball. Carapace of the same 
form as the first zoea, but w ith rostral and lateral spines much 
reduced. Rostral S[une very short and now quite rudimentary, 
with three lolies, reminding one of the rudimentary rostral spine 
in Ehalia. Ijaterals much shorter than in the first stjige, not so 
much bent downw^ards. Abdomen as in the first stage. Lateral 
knobs on second and third segment still present. Five segments 
plus telson, which is of the same form as in the first zoea ; outer 
lobe, however, not so jKnnted, but still wdtb outside denticles. 
Pleopoils present, w*ell developed, but not long, four pairs with a 
rudimentary fifth pair showing under telson. From the size of 
the pleo^KKls this should be a penultimate zoea, indicating that 
there are probably three zoeal stages, a numlH»r so far not found 
in the cral»s. The chief interest of this form is its similarity to 
Ehalia, and seems to show' how* the Ehalia type of rudimentary 
rostral spine may have been evolved from a longer spine. The 
similarity betNveen PinnathtresHWiX Ebalia]iiYvv& has already been 
referred to, and this seems to carry it still further. 

No later stages are known of this species. 

Pinnotheres veterum Bose, (PI. III. fig. 2 ; PI. XII. figs. 9~ 
11; PI. XIII. fig. 1.) 

The Pinna Pea Crab occurs rarely in the district, and was 
recorded by the earlier naturalists from Pinna. In recent yeai*s, 
however, it has not been possible to find it in these molluscs, 
which are now' rare, hut it is occasionally found in Ascidians. 
No berried enibs have been seen during the present investiga- 
tions, but one was found in July 1925 in Ascidia meniid^i which 
was pivserve<1. Zoeie occur occasionally in the plankton in late 
summer and early autumn. This zoea curls up its abdomen 
under the body as in P. pismn, but it does not seem to like the 
bottom layers l)etter tlian the others, having a well-developed 
dorsal spine, the rostral and latemls also being long. First and 
second zoe® wei-e both obt^iined, tiiere being only two zoeal 
stages in this species. The second came from the first, and the 
megalopa from a second, zoea, but no young crabs L*oin the 
megalopio, which all died after a few weeks. This species is 
much larger than P, piaumy the first soea being much more 
advanced. Gonrret (op. ctT.) has figured a zoea which he describes 
as belonging to the genus Pi»a, and has also figured the telson of 
Pim/oihroa sp. His drawing of Pisa is so like the first zoea of 
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Pinnothe^^es vetm'um that it seems almost certain he has mixed 
the species, and has reall}' figured the zoea of P, veterum but 
the antenna and telson of Pisa, whilst his figure of the telson 
of Pinnotheres is almost exactly like that of P. veterurn. 

Eggs orange-red. Early eggs 0*48 mm. across. 

First zoea about 1*52 rnm. long. Colour pale brownish-red, 
merging into pale yellow with dark brown chromatophores on 
dorsal spine, cai*a,pace, antenn«e, mandible, lateral spines, and 
abdominal segments. Eyes black. Dorsal spine 0*96 mm. long, 
slightly curved backwards and then straight. Lateral spines 
0*65 mm, long, sticking out behind the body, slightly curved 
downwards and directed downwards, outwards, and backwards. 
Rostral spine 0*72 mm. long, slightly curved inwards and out- 
wards. Rudimentary legs hidden by carapace. Alxlomen 
gradually widening towards telson, Pleopods present as small 
buds on segments 2 to 6. Telson with centwd lobe shorter 
than lateral lobe, the latter pointed with a short and thick tooth 
on its outer margin. 

Second zoea very like the first. About 2 mm. long. Six setoj 
on maxillipedes. Rudimentary legs well developed, but hidden 
under carapace. Mandible with palp. Pleopods long, four pairs 
and a rudimentary fifth pair under telson. 

Megalopa 1*68 mm. long. Carapace 0*96 mm. long, 0*80 mm. 
broad. Front with undulating margin slightly projecting in 
centre. No feelers on last joint of last legs. Abdomen still 
with only five segments plus telson and four pairs of pleopcxls 
developed ; the fifth pair rudimentary. Last pleopods with six 
setsB. This megalopa is very crab-like and swims little, altliough 
quite capable of swimming with its pleopods. The abdomen is more 
often tucked in under the body. Btimpsen fsee Hyman, 1925) 
has shown that Pinnixia sayana <levelops into a crab from the 
zoea without a megalopa stage. Hero we seem to have something 
in between. The similarity between the megalopa of P. mierxm, 
and Ehalia has been noticed before (Lebour,op cit 1928). They 
are strikingly alike and agree in having no feelers on the last 
legs, a feature which apfmrently separates the Brachyrhyncha 
from the Oxyrhyncha, with this one exception. IHnnotheres is 
certainly a near relative of the Grapsidce and must lielong to 
the Brachyrhyncha. Planes, a grapsoid described in its zoeal 
stages by Hyman (1926), is like Pinnotheres in many ways. 
Further work on foreign forms should bring out interesting 
results. 


OZTSTOKATA. 

Family LsnoosziDiS: 

Subfamily ifft;co*v//AV 42 ; 

Zoea curling up in a ball. No dorsal spine ; rostral and lateral 
spines rudimentary or the roi^ml well developed and laterab 
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bending downwards. Carapace more or less egg-shaped. Antennae 
rudimentary stumps. Telson a triangular plate, eiiiarginate 
belli nd, with six setae in the centre of the emarginate portion 
and one or more teeth at or near the angles. 


Genus Ebalia. 

Four zoeal stages, the second and tliird each having six setie on 
the maxillipedes, the fourth eight. Pre-zoea with forked telson 
covered with the usual seven embryonic spines on each side; 
antennule and antenna each with two long spines. Zoea with 
rudimentary rostml and lateral spines. Abdomen with five 
segments plus telson in all zoeal stages; four pairs of pleopods, 
the fifth rudimentary under telson. Knobs on second and third 
abdominal segments in all stages. Telson with one or more 
teeth at or near the angles. Megalopa without rostrum, the 
centre of front slightly projecting. Ko spines on carapace and 
very inconspicuous protuberances, except a central dorsal hump 
behind. Abdomen with six segments plus telson and five pairs 
of pleojiods. Last legs without feelers on last joint. 

Ebalia tuberosa ( Pennant). (Text.-fig. 2, 3-6 ; PI. III. fig. 3 ; 
PI. XIII. figs. 10-13 ; PI. XIV. fig. 1.) 

“Pennant’s Ebalia” has already been described in its larval 
stages in a former paper (Lebour, 1928). This is the commonest 
Ebalia in the district, occurring in the siuid both inside and 
outsiile the Sound, and frequently dredged. Berried females 
from January to late summer or autumn. Larvae in the 
plankton nearly all the year round, chiefly in spring and 
summer and chiefly froui near the bottom. Pre-zoe« and first 
mem were obtained from the eggs, but these did not live, and 
later larvae from the plankton were reared to megalo{ja3 and 
young crabs. Williamson (1914) describes and figures certain 
stages of a larval Ebalia^ unspecified, which is alraast certainly 
this species. Miss Jorgen.sen’s (1923) are also almost certainly 
chiefly E, ttiberoaa. She luis kindly sent some specimens which 
agree exactly with these, but amongst them is another species 
which must be E, emiichii^ as the third British species E. turm^ 
facta apparently does not occur on the coasts of Northumberland. 

Egga dark orange-red. Early eggs 0*28 mm,, late eggs 3 mm. 
across. 

Pre-zoeoi about 1*28 mm. long, quickly changing to first zoea. 

Fir$t zoea about 1*28 mm. long. Colour r^, orange, yellow, 
and black, not so much red in the first stage, but very con- 
spicuous in later stages in the lower part of thorax. Orange 
spotdorsally with black. Much black mixed with red and diffuse 
yellow on carapace, mouth*parts, and ventrally along abdomen. 
Stodimentary i*ostruin with three teeth ; lateral spines rudi- 
mentary, at first rounded knobs, but in later stages projecting 
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horizontallj outwards as short spines. Carapace at first covering 
rudimentary limbs, which project in later stages. Telson with 
one tooth just behind angle of plate ; the angle rounded. 

Second zoea about 1*6 mm. long. Six setae on tnaxiUipedes. 
No pleopods. 

2%ird zoea about 1*9 mm. long. Six setas on maxillipedes. 
Pleopods present as conspicuous buds. 

Fourth zoea about 2 mm. long. Pleopods long. 

Megalopa 2*2 mm. long. Deep red with yellow and a little 
black. Six setae on last pleopods. 

First Young Crab Stage light brown, very like adult, with 
emarginate front to carapace. Length of carapace 1*6 mm. 

Ebalia cranchii Leach. (PI. III. fig.4 ; PI. XIIL figs. 4-9.) 

“ Cranch’s Ebalia ” occurs in much the same places in the 
district as E. tuherosa, but is not so common. Berried females 
occur in spring and probably in the summer, but were not 
hatched out. Larvae from the plankton almost certainly belong 
to this species, as tliey corres{)ond exactly with some of those 
sent by Miss Jorgensen from the Northumberland coast, and as 
E, tumefacta does not occur there, this identification is almost 
certainly correct. All four zoeie occurred which, like E. iuberosa^ 
have the secon<l and third stages both with six setfB on the 
maxillipedes. Oano (1892) has figured the zoea of E. cranchii^ 
at first calling it Plagusia, afterwaixls correcting it to Ebalia sp. 
It is recognizable by the telson, which has three teeth at the 
angle, and by this character is easily distinguished fi*om 
E, tuberosa. The megalopa was reared at Plymoutli from the 
zoea, but the young crabs were not obtained 

Eggs orange-red ; half develoj)ed, 0*28 mm. across. 

First zoea Sihowt 1*12 mm. long. Colour pinkish with a little 
yellow, an orange and black chromatophore dorsally each side of 
carapace, black on the maxilla, abdominal segments, and over the 
intestine, red below. Not nearly so much red in the later stages 
as in E, tuherosa. All larval stages smaller than in E» tuherosa^ 
Rostral spine rudimentary, faintly divided into two. No lateral 
spines in any stages, these being represented by rounded 
prominences. 

Second zoea about 1*28 mm. long. No pleopods. 

Third zoea about 1*7 mm. long. Pleopods present as small 
buds. Rudimentary legs well developed. 

FouHh zoea about 1*92 mm. long. Rudimentary legs large, 
Pleopods long (four pairs, the fifth pair projecting, fi*om telson). 
Still only five abdominal segments plus telson. 

Megalopa 1*8 mm. long. Very like that of J?. tuherosa^ but 
smaller, not so red, and with four mtm on the last pleopods. 
First young crab stage not obtained. 

The third spedesi E* Pumefacta^ occurs in the district, but is 
rare, and the larvie were net certainly idmitified* 
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Gurney (1927) ligiires two zoeie of Leucoaia which are very 
like fUbalki. 'Che earlier stage has fairlj^prominent rostral and 
lateral 8{>ines, which remind one of Pinnotheres pisum. 'J'he later 
stage has much smaller spines, if these be the same species we 
have a similar reduction. 


OXYRHYNCHA. 

'rhe following character’s apply to all the British forms^ 
including Karynoim *. 

Pre-zoea with the usuaI seven embryonic spines on each side 
of telson, two on anteniiide and four on antennae, with simple 
sheaths for sfhnous process and dagellum. Two zoeal stages, one 
megalepa. First zoea far forward in development, showing 
antennal tlagellum and pleopods. Lateral spines on abdominal 
segments 8 to 5. Horns of fork of telson with spicules^ 
Megalopa with i-ostrum, without feelers on last joint of last leg. 

As a rule the megalopa stage is reached in a fortnight or less, 
about five days l>eing taken to reach the second zoea. The 
young crah in favourable circumstances should emerge from the 
megaiofm in about three weeks from hatching. 


Key to the Genera of the Oxyrhyncha. 

ZORJC. 

I. Dortisl only om cArapaci^. No ro^traU nor laterals. 

1. Jjarge lateral spine on telson .. Inachtis, 

2. Hiiiall lateral spins on teNoii .... Macropodia^ 

II. Dorsal and rostral spines on carapace. No laterals Eurynome^ 

lil. All spines present on carapace. 

1. l^rapace spines armed with spicule^ H^as. 

2. Carapace spines smooth . , Maia. 

MBOAIiOFJt. 

I. Seven abdominal segments, Rve pairs of pleopods. 

1. Rostrum three-toothed .. .. Hyas, 

2. Rostrum broad, with ]K>iiited bent-down spine. 

a. Five seta* to last pleof>ods Maia. 

6* setie to last pleopods Mutynome, 

IJ. Six abdominal se^ents, four pairs of pleopods. 

а. Rostrum with two horns Inachu$. 

б. Rostrum bent, forming three roundeil lobes Maeropodia, 


Family Maiidac. 

Subfamily Maiin^:. 

Zoea with antenual exopodite about half tis long as, or rather 
more thau half tiie length of, the spinoue process. Flagellum 

e If Cano*s (l$9d> descriptions bs corrsct, certain members of the Partbeiioptdss 
have larvis which are mors like Rrachyrhjncha and certainly differ in important 
particvdars from Bmrymtma. 

Paoo. Zooi*. Sou.— 1928, No, XXXVI, 
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well developed. Spines of campace short, latemls pi*esent or 
absent, dorsal and rostiul curved. Lateral knobs on second 
abdominal segment only. Six abdominal segments in first, seven 
in second zoea (five and six plus telson). Telson with three 
lateral spines in both stages ; one pair extra internal set® may or 
may not be present in second stage. Megalopa witli broad 
rostrum ending in pointed bent-down spine ; knobby protuber- 
ances on carapace but no spines. First young crab stage with 
pointed rostrum or two horns. 

Genus Maia. 

All carapace s[)ines present. Telson without any extra internal 
setie in second zoea. 

Maia squinado Herbst. (Text-fig. 2, 1-2 & PI. 11. fig. 7 ; 
Pi. XIV. tigs. G-i.) 

The “ Spinous Spider-Crab ” is very common on tlie trawling 
grounds both inside and outside the Sound. Berried females in 
spring and summer, but chiefiy summer. Larvjc in the plankton 
abundant in late summer. The larvtr were reareti from the 
egg as far as the megalopa, the crab being obtained fi‘om mega- 
lopfB from plankton zoe®. An account of tlie life-history of this 
species has already been given (Lebour, 1927). Schlegel (1911) 
bad reared it from egg to crab at liosoolf, but gave jk) details of 
bis methods and no figures. Claus (1876) figures the zi>ea of a 
Maia, Cano (1893) <lescribes and figures the Mediterranean 
species AL which is further develope<l than J/. squinado 

in the corresponding stages. 

bright orange, changing to nearly black when midy to 
hatch. Early eggs 0*64 mm., late eggs 0*72 mm. across. 

Pre-zoea aliout 2’5 min. long, remaining for some hours in the 
embryonic skin and moving actively befoie changing to the 
first zoea. 

First zaea about 2*5 mm, long. From spine to spine 1*76 mm. 
Colour green, made up of black and yellow. Dilhise yellow all 
over, except on spines of carapace, telson, and ends of maxiiiipedes, 
which are colourless. Eye black with yellow. Black chromato- 
phore at l)ase of dorsal and rostral spines, seveml on campace, at 
sides of base of maxillipedes, along intestine and ventrally along 
abdomen, always accompanied by yellow. Both rostial and 
<1oi*sal spines curved. Long hairs at edge of carapace. Short 
lateral spines on abdominal segments 2 lo 6. 

Second zoea about 3 mm* long. From spine to spine 1*8 mm. ; 
dorsal spine much shorter than in first zoea. No palp on 
mandible. Antennule and rmiimentary legs unjointed. Pteopods 
long. Lateml spines on abdominal segments 3 to 5 longer. 

Megalopa same colour as zoea. length 2*4 mm, Bostrtmi 
broad, indented in the centi*e and with a very fine central spine 
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Q)ent down and almost concealed. Large protuberances on cara- 
pace. Five setie on last pieopo Ik. 

First Young Crab Stags 1 28 mm. across carapace. Light brown, 
covering itself at once with any debris it can find. Carapace 
roundish. Front pointed, five lateral marginal teeth, legs rather 
rshort. Hecond young stage 1*9 mm. across carapace, third 
young stage 2*5 mm. All with pointed rostrum, crenulated at 
margin. 


Genus Kuiivxomk. 

Telson with a pair of c^xtra internal .sjnnes in the second zoea. 
No lateral spines on carapace. F’irsb young crab stiige with two 
•rostral horns. 

EtMiVNOMi: ASFEHA Leach. (PI. 11. fig. 8 ; PI, XIV. figs. 2-5.) 

Common in crevice.s of stones anti polyzoa in the Sound and 
•outside. Berried females in spring ami Mimmer. Larvae in the 
plankton common in spring ami stimmer, more rarely in autumn. 
Pro -zoea and first zoea liatched from eggs, but did not live. 
Second /oca from plankton changed to megalopa, and this to 
first y<)iing crab. No later yoting crab stages. (Jano (1893) 
figmVsS the first zoea and fCinaiian (1857) the pre-zoea, Gurney 
(1922) also de.scribes these stages and figures the {)re-zoea.l 
spines. 

Sggs bright retl, clctiv and of a darkish shatle. Early eggs 
0*36 mm., late eggs 0*37 mm. across. 

Fre-zoea about I ’(>7 mm. long, soon changing to the first zoea. 

First zosa iihowt I ’fi mm. long. From sj)irie to spine 1*4 mm. 
Spines curved. Antenn.il exopo<lite like Maia^ ahoiit half the 
length of the spinous procesK ; fiagellum well developed. Long 
iiairs at edge of carapace. 

Cidonr oinnge and blown, with black chroinak>[ibores on base 
•of doi*sal spine at back, in uioiit.b- region, on carapace, base of 
maxillipedes, along inti^.stine ami ventrally along abdomen. 
Dark re<ldish-brovvn above mouth, orange merging into yellow 
.and piiikisli on carapace, abilomen, and Iwise of maxillipedes. 
Tips of spines, telson, and maxillipedes colourless. 

Second zoea about 1*92 inni. long. From spine to spine 
15*2 min. PIcopods well develiiped except last, which is 
amal). 

Megalopa with pointed central spine to rosti um bent down at 
H right angle ; the sides rounded. Conspicuous protuberances on 
«eara|)ace. Length of caitipace 5 mm., breadth 0*4 mm. Last 
pleopods with three setae. Same colour as zoe». 

First Young Crab Stage, Pale brownish , T wo-horned imtruin , 
very knobby c.ampace Length of Cfi.m|wce 2 imn., breadth 1 *2 mm. 
The larval stages of Eurgnome, including the megalopa, ai*e very 
like and they ai-e placed here in the same family and 

ieubfauiily ii»»tead of in the Parthenopidie. 


36 ^ 
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Subfamily 

Thig subfamily includes l^sa and Hyas* It seems very doubt- 
ful, however, whether these two genera should be placed in the 
same subfamily, as the only existing descriptions of the larval 
stages of Pisa are quite unlike Hyas, The subfamily is left as- 
it is, because the larvae of Pisa have not been seen at Plymouth, 
and these should be very carefully examined before any altera- 
tions are made. 


Genus Pisa. 

Pisa biaouleata (Montagu). 

This is iTire in the Plymouth district, and whilst these investi- 
gations were proceeding lias only once l)een found in berry, 
in July 1926. Unfortunately these eggs did not live; they 
measured 0*72 mm. acioss. Cano (1B93) figures the zoete, mega- 
lopa, and young crab stage of Pisa. The zoea is very like Mac/ms, 
but has six aMominal segments plus telson in the second zoea and 
megalopa. There are neither rostral nor lateral spines, and the 
antennse have a long exoj^widite similar to Inachus. The whole 
appearance is like one of the Inachinse. Gourret {op, cit.) Bgures 
the first zoea of Pisa, but this is almost certainly Pinnotheres 
veteriim. His figures of the telson and antenna, however, show 
them to be of the Inachm type. It is very desirahle that more 
investigations should be made on the larvaj of Pisa, 

Genus Hyas. 

All spines present on canipace ami all covered with spicules. 
Antennal exopodite less than half the length of the sj)inous 
process; flagellum very small in first zoea. Lateral knobs ofi 
second and third abdominal segments in both stages. Telson 
with two lateral spines in l>oth stages ; a jwiir of extra internal 
8et» in second zoen. Long lateral spines on thii*d to fifth seg- 
ments in both stages. Megalopa witl) three-toothed rostrum ; 
dorsal spine behind and two horns behind eyes. Hooks on coxa 
of second to foui*th legs. First young crab stage witli two- 
horned rostrum 

Hyas coarctatus (Leach). (PL II. fig. 9 ; PI. XIV. figs. 8~10.> 

Fairly common both inside and outside the Sound on the 
trawling and dredging grounds. Berried females from March 
to December. Larvae in the plankton chiefly in early spring. 
Beared from egg to first zoea, but these did not live. Second 
zoea from the plmkton. Megalopa from the plankton changed 
to young crab. As the megalopa did not come from the zoea, it 
is not absolutely, but almost, eeiltfim that these belong to 
H. ooaretcOus. It is much more probable than their belonging 
to E. aramuSf which is now very rare. These occur 

at the same time as the zoeiB of H. comtcMm^ and much* 
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the same colour. No others have been seen, and it is highly 
unlikely tliat the rarer form only should be found. It is 
therefore inferred, though recognized as not proved, that this 
inegalopa belongs to //. coarctatus. 

Eggs bright orange, changing to an orange-brown. Early 
across, late eggs 0*56 iiirn. 

Fre-zoea about 0*02 mni. long, moving about for some time 
before changing to the first zoea. 

First zoea about 1*8 min. long. From spine to spine 3 mm. 
Spinous process of antenna long, nearly as long as the rostral 
spine ; exopodite less than a third of the length of the spinous 
process; fiagelliim very small. Long hairs at border of carapace. 
Colour brownish, chiefly in the thoracic region. Spines of 
•cat*apace colourless ; eye brownish-black with led pigment inter- 
nally ; orange 8|K)t at hind base of dorsal spine, diffuse yellow in 
front and (lorsally ; dark brown accompanied by led under intes- 
tine and on ventral surface of alidoinen; red at base of antenna*; 
red and lirown on base of first and second maxini|>edes. 

Second zoea alxiut 3*5 mm. long. From spine to spine 3*52 mm. 
l./ong hairs on edge of campace. Antennal flagellum well 
developed, un jointed, A ntennule slightly jointed, lindinientary 
legs not very well develojied 

Megalopa much the same colouring; 3*36 mm. long. Carapace 
2*4 mm. long, (1*1*6 mm. broad. Central rostral tootli about 
twice as long as tlie lateral teeth. .Liist pleopods with five setae. 

First Young Frah Stage 2 mm. long, wdth two-horned rostrum. 
Hides of c^irapace very irregularly denticulated. No further 
young stages. 

Stephenson (1913) has partly described the larvte of this 
species; also Bjork (1913), who figures the megalopal rostrum 
and part of carajwice. AVilliamson (1914) describes laiwce from 
<Tn^|]laiid wliicli were collccte<l by Van Hoffen and Trasing. 
'These are consi<lerably larger than Williainson^s own specimenK, 
attributed to Ji. araneuSy and also than those from Plymouth. 
They seem, however, to belong to this species. 

Hyas araneus (L.). 

Although this crab is recorded from the district, it has not 
been found at all during the period of these investigations, and 
no larva? attributable to this species have lieen seen. Judging 
from the description by Williamson (1909, 1914), they are 
•exceedingly like those of IL eoarciictxs. 

Subfamily Iaa(WX^^\ 

Zoea with doiml spine to campace, but neither rostrals nor 
latei*a]e. Antenna with spiny exopodite, as long as, or nearly as 
long as, the spinous process ; flagellum well developed. Abdomen 
with six segments (five plus telson) in all stages, both zoea and 
snegalopa, and only four pairs of pleopods. Lateral knob on 
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second abdominal segment only. Tebon with only one lateral* 
spine and no extra pairs of internal setic. Megalopa with pro- 
nounced rostrum and spines or long prominences dorsally on 
carapace. Many hooka on legs. 

Genus Inachus. 

Telson of zoea with very large lateral spine. Megalopa with 
two rostral horns sticking out horizontally. Prominences on 
carapace low and finely pointed, forming prickly spines. The 
tliree British species of Inachus are very much alike both in 
zoe» and megalopie, and it is extremely difficult to sepal's te them 
in the plankton. 

iNACiirs DORSETi'ENSis (Pennant). (PI. III. fig. 5; PI. XA^. 
figs. 4-5.) 

The “Scorpion Bpider-Ci'ah ” is very common in the district,, 
the commonest of all the InachinsB. It occurs i)oth inside and 
outside tho Hound, chiefly outside, on the usual tiawling grounds. 
Berried females occur all the year round, and larvae are to be 
found in the plankton in any month, perhaps specially abundantly 
in autumn. This species has alrea<ly been described in its larval 
stages (Lebour, 1927), and w.s reared from egg to megalopa. 
Since then it has been reared successfully as far as the seventh 
young crab stage. Claus (1876) figures the first zoea, and also 
Cano (1893). Otherwise it Tvas not described further until these 
researches were begun. 

orange-red ; early eggs 0*48 mrn., late eggs 0*72 mm. 

Pre-zoea about 1*9 mm. Jong; living for several liours l>efore 
changing to the first zoea. 

First zoea about 2*4 min. long. Carapace bonlered by small 
denticulations. Colour yellow with black and orange. Bmly pale- 
yellow almost all over; most of dorsal spine colourless, also tipn 
of antenriule, antenna.*, maxillipedes, and telson. Eye blackish- 
brown with splashings of yellow ; yellow tends to become omnge 
in regioii of stomach. Bright orange-red chromatopliores at liase 
of dorsal s[)ine posteriorly, the sides of the first abdominal 
segment, between eyes, on mandible, above the maxillipedes and 
on the second maxillii)ede, and a diffuse pinkish tinge round the 
fore part of l)ody under carapace. Blackish -brown chromate- 
phores, with the red at base of spine, between eyes, separately 
on the caiapnce and ventrally on the abdominal segments and 
base of telson. 

Second zoea about 2*9 mm, long. Miicli like the fu’st, hut with 
long antennal fiagellum and long pleofKMis. Dorsal spine shorter. 
Antennule and rudimentaij legs itnsegmented. No mandibular 
palp. 

Megalopa 1*6 mm. long. Colour chiefly yellow with brown^. 
black, and led. Legs long and slender witli very |K>inted tips- 
Width with outsti^tobed legs about 2*5 mm. 
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First Yomtg Crab Stage 0*96 aim. across carapace, bicorauato 
rostruai, long legs with one tiiick tiiorn-like hook oa the last 
segment of the last two legs. Three knobs beliincl the eyes, two 
large round prominences beliind. 

Second Young ('rah Stage 1*28 mm. across carapace. Lost two 
legs vvith two thorns on last segment. 

Third Young Vrah Stage 2 mni. across carapace. The young 
crab begins to dress up tlirec.tly it has left the megalopal skin. 
Jn this case pieces ol debris and old larval oyster-sliells were 
used, the crab being almost hidden by a liuHy covering. The 
most successful food for the zoea* was oyster larva* in an aquarium 
where there was a good deal ot green food (chietly the Hagellate 
Phmocystis and diatoms). The megalopa* and young crabs were 
fed on pieces of tlie mantle of the common mussel. The following 


notes give the dates of all the stifges : — 

Pre-zoea from egg 12. 6.27 

First zoea from jire-zoea 12. 6.27 

•Second zoea from first 16. 6.27 

Megalopa from secoml 23, 6.27 

First young crab f lean inegiilopa ... 4. 7.27 

Second young crab from first 15, 7.27 

Third young crab from second 26, 7.27 

Fourth young crab from third 8. 8.27 

Fifth young crab from fourth 17. 8.27 

•Sixth young crab from fiftli 1. 9.27 

Seventh young crab from sixth ... 1,10,27 


It is thus seen that it takes about three weeks to reach the 
crab stage, after winch the skin is cast at frecpieiit intervals. 
whi<'h gradually grow longci-, the fir.st castings being at about 
intervals of eleven days, later taking about a inontli. At the 
seventh stage tiie crah is well grown, ha\ing a breadth with 
legs out-stretched of about 5 cm. 

Ikachus noRYNTin s Leach. (PI. III. fig. 6 ; PI. XJV. fig. 12 ; 
PI. XV. fig. 3.) 

This species ami ilie following one, /. leptocfmriis^ have usually 
been coafuse<l in this district. They are, however, quite distinct 
the present species Iming much smaller and inhabiting the 
inshore w^atei’s, /. Uptocheirus living a good deal further out. 
The larvae aie much alike, although in the true /. dmyuckus^ 
they are usually smaller; hut the size may vary much, ami some 
of those reared are of just the same size as those of /. kptocheirm. 
The second zt>ea is actually at times smaller than some of the 
first zoeie ; and here a* sewnd zoea has l>eeu tiguretl which was 
leared and is hmaller than the first zv^eti figure*!, wliich came from 
a different family. It is practically impossible to distinguish the 
mm in the plankton, although, generally s^ieaking, tliose of 
L UpiwJy^irus aie brighter and more conspicuously coloured than 
those of and usually larger. Lmohus dorgnehus oocura 
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chiefly inside the Sound, and is commonest near the coast, where 
it is frequently dredged. Berried females occur all the year 
round, and larvie are apparently in the plankton most of the year, 
all the iThachus species Wng specially abundant in autumn. 
This species was reared from egg to megalopa, the young crab 
being obtained from megalopa^ from the plankton, but unfortu- 
nately died, so that no di*awing was made of it. Gourret 
{op, cit,) figures the pre-zoea of this species. Otherwise nothing 
was known of its larvse. 

Egifs bright orange-red, changing to pale brownish. Early eggs 
0*65 mm. across, late eggs 0*72 mm. 

Pre-zoea about 2 mm. long, moving about for some hours 
before changing to the first zoea. 

First zoea about 1*8 to 2*4 mm. long. Same colouring as 
J, dorsettensis,, slightly more brightly coloured in some specimens, 
paler in others. Dark chromatophores inore brown than black. 
More brown on the telson, no dark chi'omatophore at base of 
dorsal spine. Doi'sal spine and antenna rather longer than in 
/. dorsettensis. Lateral spine of telson about the same as in 
Dorsettensis, 

Second zoea about 2 to 25 mm. long. Dorsal spine shorter 
than in first zoea. Pleopods long. Antennules and rudimentary 
legs hardly jointed. No mandibular palp. Antennal flagellum 
well developed. 

Megalopa much like i. dorsetimsis. Carapace 0*88 mm. long. 
Eight setje to all pleo|)ods as in i. dorsetiemis. Outstretch of legs 
longer, about 4*5 mm. across. Rostral horns rather closer 
together. 

First Young Crab Stage not measured. Very like the other 
two species. 

Inachus LEPToOHEiRUS Leach. (PI. III. fig. 7 ; PI. XIV. 
figs. 11,13; PI. XV. figs. I, 2.) 

The largest .species of the thi-ee, inhabiting deeper water out- 
side the Sound. Common sometimes in the tmwl, an<l may occur 
with 1, dorsettensis but never with 7. dorynehns. Berried females 
all the year round. Larvje probably in the plankton all the year 
round, but not always distinguished from the others. They are 
usually larger and brighter-coloured than the other two. This 
species was reared fi*om egg to second zoea only, the second zoea 
from the plankton changing to the megalopa, and this to the 
young crab. No previous work has l)een done on the larval 
stages. 

Eggs bright orange-red, changing to brownish. Early eggs 
0*65 mm., later eggs 0*80 mm. or more. 

Pre-zoea about 2*4 mm. long, moving about for some hours 
before freeing the first zoea. 

First zoea about 2*4 to 2*6 mm. long. Very like /. dor^iohmi 
but usually brighter in colour. Lateral spine of telson longer 
than in the others. 
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Seco'tid zoea about 3 nini. long. Dorsal spine very small; very 
like /. dor?/7whm a,m] ba(!kward in development. 

Megalopa larger than I. doryjichus. Length of carapace 
1 *25 nun. Eight seta3 to pleopods like the otljers. Deeper colour, 
brighter and more spiny than in the other two. Outstretch of 
legs about 4*6 mm. itostral horns like L dorynchtis^ nearer 
together than in /. dorsettensis. 

FWst Young Crab Singe with two-horned rostrum. Very hairy 
•carapace 0*80 nun. across, 0*16 mm. long, with knobs similar to 
the lirst stage of /, dorsetieaHis. Very long legs. 


Genus Macropodia. 

Telson of zoea with small lateml spine. Megalopa with three- 
iobed rostrum, the centre bent down and sometimes almost 
hidden. Prominences on carapace piolonged into tall processes. 
The throe species of Macropodia are much alike, especially 
M. roslrnius an<l J/. egyptia^ but they can all he distinguished 
from one another. Laige hook on ischia of legs 2 and 3. 
Several other smaller ho<^kj*. 

Macropodia ucvguiostrih (Fabricius). (PI. 111. fig. B.) 

The Slender Sj)i<ler-Crab,“ the conunoneNt species of the 
genus. Occui's inside ami outside theSouml in the usual trawling 
gi'ounds. It is the only species of the three to occur in deeper 
wat/er. Berried crabs all the year round and larva* in the 
plankton all the year round, chiefly in spiing and early autumn. 
This sj)ecies has already been defecril>e<l in all its lar>al forms in 
a previous pa|)er (Lel)our» 1927). It was reared from egg to 
megalopa in the lahoi-atory, the young crabs being obtained from 
megalopa? from second zoea* collected in the plankton. 

kggs bright orange-red, turning to brownish. Eaily eggs 
0*55 mm., lato eggs 0*6 nun. across. 

Pre-zoea about 2*4 mm. long, moving about for some hours 
before changing to the first zoea. 

First zoea about 2*7 mm. long. Very like all the IncLchtis 
species in colouring, but with more dark pigment on the abdomen. 
No red at base ot dorsal spine. Antennae and dorsal spine long, 
hut not nearly so long as in the other two species. Dorsal spine 
curved. 

Seeoyui zoea about 3 mm. long. Dorsal spine shorter. Antennse 
about the same length. Backward in development, with anteii- 
nule and legs liardly jointed and no mandibular palp. Pleopods 
long. 

Megahpa 2*3 mm. long, with very long legs. Front of cara- 
pace bent down so that the lobes hardly show and an almost 
straight margin is seen. Colour dark chestnut, speckled. 

Young Vroh Stage 1*2 mm. across carapace. Legs with 
atret^ of over a centimetre. Last legs with five or more teeth 
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on tho last joint. Ilostrum bilobed. eacii lobe squarish with* 
three lateral prominences, and, ns well as the body aiid legs,, 
armed with long curved hairs. 

Maoropodia hostratus (L.) (PI. III. fig. 10; PI. XV. fig. 7 ; 
PL XVI. figs. 3, 5, 8.) 

The “ Long-legged Spider-Crab ** is common in the shallower 
waters of the Sound, and is often found in the dredgings covered 
with red or green weed. It is in berry all the year round, and 
larvje are appai'entiy to be found in the plankton almost at any 
time, but especially in spring and early autumn. Cano (1B93> 
has figured the first zoea, megalopn, and first crab stage with 
details of the parts. Lo Bianco (1904) figures the first crab 
stage. No further work has been done on this species. Eggs 
were hatched and the larvie reared as far as the megalopn in the 
laboratory. Megalo|i4e from second zoese collected from the 
plankton were kept until they changed into young cnibs. 
M. ro8tratu8 and 37. egyptia are much alike in their larval stiiges, 
and can be distinguished easily from 3/. longirostris b}^ their long 
straight spines and colouring. 

Eggs orange-red. Early eggs 0*45 mm., late eggs 0*58 inin. 
across. 

l\e-zoea about 1‘7() mm. long, moving about for some time 
before changing to the first zoea. 

First zoea about 1*9 mm. long. Ix>ng straight dorsal spine 
about 1 mm. long; antennse long, 0*7f> mm. It has the same 
scheme of colouring as Ivachus and 3/. longirostris, but not 
so yellow, the yellow mostly replaced by pinkish or pinkish- 
brown. Red at base of dorsal spine ami a good deal of black* 
On tlie whole paler than 3/. longirostris. 

Second zoea about 3 mm. long. Dorsal spine much the same^ 
nnteiiinc slightly shorter. Long pleopcals. Not so far advanced 
as 3/, longirostriSf having no trace of jointing in nntennule, 
antennal fiagelhnn, and legs. 

Megalopa 1*76 inm. long. I^ega not so long as in M. longiros- 
iris. Host rum not so Wnt so that the three lobes are seen. 
Colour pinkish- brown, speckled. 

First Yoiuig Crab Stage 0*96 mm. across carapace. Stretch of 
legs about 6 mm. Last legs with three thorns on the hist joint. 
Rostrum two-lohed, with deep median indentation. Sides of 
lol>e a simple curve. 

Macuopodia egypua a. Milne-Ed wards. (PI. III. fig. 9; 
PL XV. fig. 6 ; PI. XVJ. figs. 1-2, 7.) 

This species is not so common as the other two, and its larval 
stages have not been described before. It occurs in shallow 
water in the Sound in the same looaUtes as M* rosiratus, usually 
also dre^d up in green or red weed. Bended femaies seem to 
occur at any time of year, and larva» are apparently in tbe^ 
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plankton all the year rouinl, most frequently in spring and 
Kiinuner. I'lje larvje have been reared from egg to second zoea. 
MegHloj»a3 from second y.oeje from the plankton were kejjt until 
the young crabs emerged. The larva) are very like J/. rosfmius, 
but can be distinguished by their longer antenna'. 

Eggs orang('-reil. Early eggs 0*48 mm., late eggs 0*58 inin. 
across. 

Pre. zoea about T7G mm. huig, moving about for some time 
before giving rise to the first zoea. 

Firni zoea about 0**24 mm. long. l)orsal spine nearly straight, 
1 inm. long, about the same length as in M, rosiraius. Antenna} 
about 1 mm. long. (.Nilonr very like J/. rostrataa^ with slightly 
more dark pigment. Otherwise veiy like M. 7 '(fStTaia». 

Second zoea about 1 mm, long, not or hardly larger than the 
first. Dorsal spine and antennae shorter. Advanced at al>out 
the same degi'ee as il/. rostratus, 

Megalopa hardly to be distinguished from J/. rostratus. Much 
the same colouring. llostnim with central lobe protruding 
more, slightly larger. 

First Young Crab Stage, Oarai»ace about the same size as 
J/. roslmtuH, stretch of legs longer. Last legs with four thorns 
on the last joint. Hostruni not so deeply cleft, eacli lobe divide<l 
into two rouinleil lobes. 


(lenus Ach.els. 

The larviv of Achtean rranchii, the only Britisb species of the 
genus, arc not known. In a berried female found by Mr. O. D. 
Hunt amongst rocks at low^ tide at Weinbniy in April 1922 
the eggs measured (1*72 mm, acros.s. Tliev are thus very large 
for such a small crab. 

Furtjieh Work on the Larval Staoes of some 
Foreign (‘RABS. 

Besides the British species a certain amount of work has been, 
done en foreign forms, and these, as a rule, fit in w^ell with the 
•ofaemes given above. In some cases the (jorrectness of identifi- 
cation is uncertain, but when the zoea? are actually obtained irom 
the berried crab the results, when plaied together with the 
British species, form a natural system, so that the genus of 
almost any crab can he identifieil. 

The chief workei*s on foi'eign crabs whicli do not occur in 
Britain are Cano in Italy and several from America, including 
Fkxon, Bmitli, Hyman, and Oonolly, Many of Cano’s species 
are not identified, and these may or may jiot be British forms* 
Some of them are, however, almost certainly British 
Xmtho, /noe&tts, and Ma/cropMa). 

The families ai*o taken in order as airanged by Calriiaa 
( 1907 )* 
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Oxystomata. Family Dorippid.e. — ^Cano (1891) describes the 
larvm of Dorippe^ Cp77iopolia, and Ethusia, These are so peculiar 
that they could be recognized anywhere, and ai*e not in the least 
like other crab zoefiB, having very long carapace spines, long 
abdomen, and long telson with very few setie. Gurney (1924) 
figures what is apparently a Dorippe zoea fi*om the ‘ Term Nova * 
Expedition. Cano (1893) shows the megalopa of Dorippe to 
have feelers on the last joint of the last legs, and in the zoece of 
all these forms the antenna3 are well deve]o|>ed, thus differing 
ocmpletely from Ehalia and Lewosia. Gurney (1927) figures 
zoeaj of Leiuiosia which are very like Ehalia* Cano's (1891) zoeie, 
attributed to he afterwards found belonged to Pilumnus 

(1903), when he figured the telson of the true Ilia^ which is like 
Ehalia and Leucosia, 

Brachyryncha. Family PoRTUNin.«. — Cano (1882) tlescrihes 
Lupa, but in most cases does not sepf^rate it from Vortunm* Ue 
figures the first zoea, which is very like Portunus. 

Family Potamoniuas. — Several authoi*s heve de8cril)ed young 
belonging to crabs of this family as luiving no true larval stage, 
but emerging from the egg very like the adult (see Moreira, 
1912). 

Family CANCRimt:,— (.fondly (1923) has deKcTil>ed the larval 
stages of Cancer which has all the characters of the 

genua Cancer but only four zoeal stages. 

Family Xantuida*:. — Cano’s (1891) larva? of Eantho and 
Piluftinm, not identified, aie almost cerUiinly llritisb species. 
Hyinnn (1925) gives a summary of all larv» ol the family so far 
described. These <livide naturally into two groups, one, to which 
JCuntko l>elongs, having a rudiineutaiy antennal exopod ite, and 
the other, to which Pilnmnvs l)elongs, having a well-developed 
exopodite, Cano, in describing Eriphia^ shows a thiiil type with 
antennae like Portunns. Hyman places this genus with 
PUwnntiSf but it should cei*tainly he in a sejimrate subfamily 
if the larvae be con*ectly identified. Hyman descril>es Neopanope 
iexana myi^ which was originally investigated by Birge, in all 
four zoeal stages, megalopa, and young crab. This fits in well 
with the Xaniho group. Faxon (1880) figures and describes the 
first zoea. Conolly (1925) describes all the larval stages of 
Mhithropmwpeus Jhan'iai, and Byman also describes the Eaty^ 
panopme depeeme, Pawpevs herbsii^ which ai*e very like 
NeopanopCy and the pre-zoea of Hexnpmwpene angtofUfrom* All 
of these agree well with the Xantho group* In the Pilumnus 
group he descril>e8 Jfenippe merce^mriu in the pre-^soea and first 
zoea, but this should probably be placed with Eripiia in the 
Eriphiinffi, as its antennie resemble Porifmus and neither Xmiho 
nor Fiiu/mnus* 
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Family GonoplaoidvE. — O aiio (1893) describes zooie and mega- 
loj)a of Brachynoins Hexdentatus, The zoeie iiave all the carapace 
spines, antennae like PoHunus^ knobs on second abdominal 
segment only, and lateml spines on the third to fifth abdominal 
segments in the later stages. The inegalopao figured resemble 
the figure given of (JonopUix^ but this does not really belong to 
Gonoplax^ as shown above. 'I'he zoeuD of Hrachyuotm differ from 
the true Gonoplax in the antenna*. 

Family PiNXOTUEKin.t:.— Hyiiian (1924) gives a summary of 
the larval Pinnotheri<he known, with an account of some of his 
own work on this most interesting family. All agree in having 
a rudimentary antenna ; otherwise they are very variable. He 
describes the first and se<^ond zoea of Pinnotheres ostrenm^ which 
closely resembles Pinnotheres pisunif and the first zoea of Pinno- 
Oterea nuicalatm^ wdiich has all the carajiace spines and a forked 
telson with six internal setie but no lateral spines, the forks 
being covered with spicules. I'here are the usual two pairs of 
knolls on the second and third abdominal segments. This crab, 
judging from the larva, sliouUl proliably be placed in a separate 
genus or else in the genus DUsodactylnSy for it closely resembles 
the larva Diasodactylns meHiim^ except fora peculiar protuberance 
which that species has dorsally on its first abdominal segment, 
'riiis first zoea is described by JTynian, also that of Pinnixia 
chiHopi'€rana^ which has all four carapace spines and a very 
[leculiai telsoii with central lobe and forks witli spicules. Smith 
(1880) obtained the megalopa from the last zoea, hut gives no 
description or figure. Pinnixia sayana in its last zoea is 
ilescribcd by Faxon (1879), who found that it moulted directly 
into H young crab w’itliout any megalopa I stage, Gurney (1924) 
figures a zoea which is almost certainly a PlnnLvia, the telson 
closely resembling that of /*. sayana. 

Family Giursin.i:. — Hyman (1924) gives a summary of all the 
known larval forms of this family. All these lack lateral spinea 
on the camjHu^e, and have fairly long anteiuiap about the same 
length Hs tlio rostml spine. He deserilies the first zoea of Planes^ 
minutits^ which is very minute. The antenme has a long spinoua 
process ami very smail exopodite with one hair. There are pro- 
nounced lateral tubercles on the alidomina) segments 2, 3, and 4 
which recall Ganoidax, The telson is of the typical forked 
form, hut the forks are covered with spicules and there is one 
lateral spine. This zoea suggests a relation.ship with the Pinno- 
therid® through Dmodmtyhia, Hyman also descrilies the zoese 
of two species of Sasamiu {B, retienlata and cinerea) which am 
very much alike. The antenna has a long and thick spinous 

S rocess with very minute spines and a well-developed exopodite. 

'hetebon is forked and bears no lateral spines. Cano (1891) 
describes the development of PachygmpatLS mamt4>ratutt, the asoeae 
ef which resemble Bemmia in essentials. He shows three soeal 
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stages, probably first, second, and fourth or fifth, the last having 
lateral spines on the abdominal segments 3 to 5. The lai*va 
descri 1)6(1 by (Jaiio as Plagusm lie afterwai’ds i'6cogni/.ed as 
an Ehalia (identified above as E, cranchii). His larvie of 
Eicchirograpstts and Planes almost certainly do not belong to 
the Giupsidse. 

Family Gkcarcinid^k. — Moreira (1912) descnl)es the pre-zoea 
of Cardisoma givanhumi from Brazil as the zoea. It is almost 
wholly terrestrial, but goes towards brackish water to hatch its 
eggs. Tile pre-zoea seems to show that the zoea has a dorsal 
spine, laterals and rostral spine not showing or absent, and 
telson forked with no external lateral spines, the antennaj like 
Fortioms, Cannon (1923) obtained pre-zoeie, described as zoea*, 
from a Cardisoma nrniatnm in the Jjondon Zoological Society's 
Gardens. It is obvious that there were pre-zoeae which never 
'Completely turned into tnie zoew, the spines not being properly 
developed, but enough is seen to show that thei e are doi*sal, rostral, 
and lateral spines to the carapace, and a forked telson without 
lateral spines. Tliese weie hafxshed out in sea-water and brackish 
water. 

Family OcvroniD.E.-- Hyman (1920) describes the life-bistory 
of three species of the Amencan GelasimnSy C\ pugilatm*^ 
0\ pugnax, and G, minax. These are all much alike. Fi\e 
zoeal stages. Zoea^ without lateral spines to the carapiice. llostml 
-and dorsal spines short. Anteiuife with short but w'ell-developed 
exopodite ending in spines; the spinous process with very short 
spi miles along its length. Knobs on second and third abdominal 
segments in all stages. No long lateial spines to abdominal 
segments iti any sUige. T'elson forked with no lateml spines , 
one imir of extm internal setie in stages 3 to 5. Megalopa with 
feelers on tlie last joint of the last leg. No doiml spine on 
carapace; rostrum Hp|)arently bent down (?). Young crab with 
fiat front to campace. 

Oxyrhyucha. Family Maiid.«. — Cano (1893) describes the 
law© of Maia ven'ucosa from the Mediterranean which resembles 
M, squinad'O very closely. It is striking, however, that the first 
young crab stage has a very pronounced bicornuate rostrum 
which sugge.sts a relationship with Eurynome, hinted at above. 
The rostrum of the megalopa sticks out straight instead of being 
bent down, so that the spine is nearly hidden. He also describes 
the Inrv® of Lisaa, Hertmiia^ and Acanthonyx, the zoea of the first 
with a very short rostra) spine and no lateiuls, that of the second 
having all the spines of the carapace, and the third being similar 
to Inmhusn All these apparently have only two zoeal stages. 

Family Parthekofioas. — Cano (1893) describes the zoe© of 
Lamhrus, which, unlike the other Oxyrbynclm, appears to ha^e 
certainly mere than two zoeal stages and to more like i^e 
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Bpacliyrhyncha. He <le8cribes three zoeal stages, but there 
probably are four or Hve. They are more like the Oancridae, 
having all the carapace spines, antenine like Poriunua^ and only 
one lateral spine on the telson. If these larvie be correctly 
identified and represent the i^arthenopidic, then this family 
does not agree witli the Maiidm in any way, and is an exception 
Among the Oxyrhyncha. Unfortunately, the inegolopa is not 
descril»ed. 
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EXPLANATION OF THE PLATES. 

(The figures in the plates are all drawn to three scales. Scale B is half the 
scale of A, and C is three times the scale of A.) 

Platk I. (Coloured.) (All to Scale A.) 

Fig. 1- f*orttinu9 pubtr. First roea. From egg. 

2. PorUmu9 carrugatu*, „ „ 

.3. PartuHus arena tits „ 

4 . Portnnus pusiflus. „ „ 

5. Poriunus ntarmorms, „ „ 

6 . Fortunui ko/satMM. „ „ 

7 . Poriunws depnrator, „ „ 

8 . Oaroimts mamxs. , 

9. fpirimela deniieulata. Fourth aoea. Plaukton. 

10. Oanesrpaffurtts. First aoea. From egg. 

11. Thia p^ita. Second aoea. Plankton. 

pmoc. Zooii* Soc* — 1928, No. XXXVIl, 
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Px/ATB II. (Coloured.) (All to Scele A.) 

Fig. 1. AtelecifclnB $eptemdentatm. Kirrt zoea. From egg. 

2. Corji/»te* caBsivelaumiB. First roea. Pliiiikton. 

3. Xantho inci»u8. First zoea. From egg. 

4. Xantho hjfdrophiUis, ,, „ 

5. JPilumnutt kirtelluB. „ 

6. Gonoplax rhomhoide*. First zoea. Platikton. 

7. Maia squinado. First zoea. From egg. 

8 . T^uryuome aspera. „ „ 

9. Hyae coarctatn* „ „ 

Plat* III. (Coloured.) (All to Sciilo A.) 

Yig.l. Fmnotheres piBum. First zoea. From ejig. 

2. PinnothereM veterum. First zoea. Plankton. 

3. Ebalia tuberosa. First zoea. From egg. 

4. Ebalia erancliii. First zoea. Plankton. 

5. InachuB dorattlentit. First zoea. From egg. 

8. InaehuB dorj/nchuB. y, 

7. InachuB leptocheiruB. „ „ 

8. Maeropodia longiroBtriB. „ „ 

9. Macropodia egyptia. „ „ 

10. Macropodia roBtratua „ „ 


Platb IV. 

Fig. 1. PortunuB puber. Second zoea. (Scale A.) From egg. 

2. tf ft Third ,f 

3. „ „ Fourth „ „ 

4. f, tt kitth fy ff ,f 

6. PortunuB puailluB, First „ „ „ 

0. Polybius henalowu „ „ „ „ 

7. Bathynectaa longipea. „ „ „ „ 


Platb V. 


Fig. 1. Portums puber. 
2 . 

3. iy ty 

4. II 

6. Cancer paguruB. 


Megalopa. (Scale U.) From egg. 

Carapace of megalopa. (Scale 11.) From egg. 

First crab stage. „ ,, 

Carapace of megalopa and first to fifth young crab 
stage. (Scale B.) 

First young crab stage. (Scale B.) From megalopa. 


Platb VI. 

Fig. 1. PortunuB depurator. Carapace of niegalopa, and first to fifth young crab 
stage. (Scale B ) 

2. PortunuB holaatuB. Carapace of megalopa, and first to fourth young crab 

stage. (Seme B.) 

3, PortunuB marmorouB. Carapace of megalopa, and first to fourth youngcrab 

stage. (Scale B.) 


Plat* VII. 

Fig. 1. Portunuo puailluB. Carapace of mewlopa, and first to fifth young crab 
stage. (Scale B.) 

2. „ areuatuB. Cnmiuice of memlopa, and first to sixth young crab 

stage. (Scale li.) 

3. CarcinuB rnmnaa* Carapace of megalopa, and first to eighth young crab 

stage. (Scale H.) 

4. „ „ Megalopa from last zoea. (Scale B.) 

3. „ „ First aoea. (Scale A) From^. 

e. P Pirimeta dontienlata. Megalopa from last xoea. (Seale B.) 
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platb vrii. 

Fig.!. Porfumnug liguitaiug, Megalopa, cant »*kin (collected by Mr. Gurney). 

(Scale B.) 

2. „ „ Carapace of same. 

3. „ „ First young crab from raegalopa (collected by 

Mr. Gurney). (Scale B.) 

4. ? PiHmela dentieulata. First 3 'oung crab from megalopa. (Scale B.) 

6. „ „ Carapace of second young crab from first. 

(Scale B.) 

6. „ „ Abdomen of 6. 

7. Thia polita. Third zoea from second. (Scale A.) 

8. „ „ Carapace of megalopa, and first and second crab stage. 

(Scale B.) 


Platb IX. 


Fig. 1. AteUogclng geptem 
2 . 

3. 


deniatm. 



First zoea. (Scale A.) From egg. 
Second zoea. „ „ 

Third zoea. „ Plankton. 

Fourth zoea. „ „ 

Megalopa from last zoea. (Scale B.) 
Carapace of 5. 


Plate X. 

Fig. 1. Atelecgclug ggjdemdentatug. Fifth zoea from plankton. (Scale A.) 

2. M Carapace of megalopa, and first and second 

crab. (Scale B.) 

3. Cancer pagurug, Megalopa from last zoea. (Scale B.) 

4. „ „ Carapace of same. 

0 . „ M Carapace of megalopa, and first to fourth young crab 

stage. (Scale B.) 

6. Pilnmnug hirUUug. Megalopa from last zoea. (Scale B.) 

7. „ „ Carapace of same. 

5. „ M First young crab from megalopa. (Scale B.) 

Plate XI. 

Pilumnug hiriellug. Second zoea, (Scale A.) From egg. 

2. „ „ Third zoea. „ „ 

3. „ ,, Fourth zoea. „ „ 

4. TeUoii of zoea of Pilummut hirteUus (Scale C.) 

5. Xantho incxgug. Second zofa. (Scale A.) From egg. 

6. » 'i'l‘>rd zoea. „ 

7. „ » Fourth zoea. „ „ 

8. „ M Megalopa. (Scale B ) „ 

9. „ Carapace of first crab stage. (Scale B.) From egg. 

10. (xonoplax rhomboideg. Second zoea. (Scale A.) Plankton. 


Plate XIl. 

Fig. !• Qomplax rhomboideg. Third zoea. (Scale A.) Plankton. 

2. » It Foui'th zoea. „ ^ 

3. ,} )* Megalopa from last zoea. (Scale B.) 

4. » » Carapace of megalopa, and first to fourth young 

crab stage. (Scale B.) 

6. Pinnothgreg pifum. First zoea. (Scale A.) From egg. 

6, ,) ,1 Rostrum of same. 

7. M P Second zoea. (Scale A.) Plankton. 

^ „ „ Rostrum of same. 

9, „ acttrum, Megalopa from last zoea. (Scale B.) 

10. II pigum. Abdomen of fin«t zoea. (Scale A.) 

11. „ 11 Abdomen of last zoea. (Scale A.) 


37 * 
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Platb XIII. 

Tinnotheresveterum, Second *oca. (Scale A.) Plankton. 

2. Corystes eassivelannuf, Megalopa from la^t zoea. (Seale 11.) 

3. „ ,, Carapace of first voung cral) from megalopa. 

(Scale B.) 

4. Sbalia crancMi, First zoea. (Scale A.) Plankton. 

6. „ „ Second zoeji. „ „ 

6. „ „ Third zoea. „ „ 

7. „ „ Fourth zoea. „ „ 

8. „ „ Megalopa fiom last zoea. (Scale B.) 

9. „ „ Carapace of fourth zoea from behind, with rOvStriim from 

front. (Scale A.) 

10. „ iuheroaa. Megalopn from last zoea. (Scale B.) 

11, „ ,f Carapace and abdomen of first zoea from behind, 

(Scale A.) 

12. „ „ Carapace of fourth zoea from behind. (Scale A.) 

13, „ „ Rostrum of fourth zoea. 

Plate XIV. 

Fig. 1. JEhalia tuhevosa. First young crab fiom inegalopa. (Scale B.) 

2. Eur^nome aspera. Second zoea. (Scale A.) Plankton. 

3. „ „ Megalopu from last zo«i. (Scale B.) 

4. „ ,, Carapace of saiiio. 

6. „ ,, Carapace of first young crab from inegalopa. (Scale B.) 

6. Maia aquinado. Megalopa, I'cared from egg. (Scale B.) 

7. I, Carapace of inegalopa, and first to third young crab stage. 

(Scale B.) 

8. Myaa eoarctatm. Second zoea from first. (Scale A.) 

9. „ „ Megalopa from last zoea. (Scale B.) 

10. „ „ Carapace of first young Cl q 1) from megalopa. (Scale B.) 

11. Imchua lepiocimrna. First zoea. (Scale A.) From egg. 

12. „ dorynchna. Second zoea. (Scale A.) From egg. 

13. „ leptocheirua. Carapace of first young crab from megalopa. 

(Scale B.) 

Plate XV. 

Fig.l. Inaehua leptocJieirus. Second zoea reared from egg. (Scale A.) 

2. „ „ Megalopa from la.st zoea. (Scale B.) 

3. „ dorynchua. Megalopa reared fiom egg. (Scale B.) 

4. „ doraaUenaia. First young crab from megalopa, reared from egg. 

(Scale B ) 

6, „ ,f Second young crab from first. (Seale B.) 

6. Macropodia eyyptia. Second zoea, reared from egg. (Scale A.) 

7. ft roatratua. Second zoea, reared from egg. (Scale A.) 

Plate XVL 

Fig. 1. Macropodia egyptia. Megalopa from last zoea. (Scale B.) 

2. „ First young crab from megalopa. (Scale B.) 

3. „ roatratua, Megalopa reared from egg. (Scale B.) 

4. The same, aide view, 

6. Maeropodia roatratua, Fint young crab from megalopa. (Scale B«) 

3. Boatram of firet crab atage of Macropodia longiroatria, 

7. „ „ 9 f M, agyptia, 

8* ft t* roatratua, (All Scale C.) 
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21. The Morphology of the Isopod Head. — Part II. The 
Terrestrial Isopods. By H. Gordon Jackson, D.Sc., 
F.Z.S., Birkheck College, University of London, 

rRt*oeiv<*<l March 30, 1928: Head April 17, 1928.] 

(Text-figures 1-20.) 
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1. Introductory, 

In the following paper the results obtained by the author's 
•detailed study of tlie head of JAgia oceanica (1926) have been 
Jipplied to the remainder of the terrestrial Isopods. A terminology 
Was laid down in that paper, and the general principles of structure 
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which emerged have made it possible to give an exact des- 
cription of the structural features of all types of head found in 
this suborder. 

While phylogenetic speculations founded on the structure of 
the head alone have not been avoided, this paper is primarily 
intended as a contribution to the morphological knowledge of the 
subject : a discussion of the whole bearing of this work on the 
classification of the terrestrial Tsopods \vo\dd have mode the scope 
of the paper too wide, so that aspect will be deferred to a 
subsequent communication. 

The methods employed are the same as in the study of Ligia 
already referred to. Internal examitmtion of heads was not 
always necessary, and, os a rule, sagittal section wdth a pair of 
fine scissors enabled all necessary confirmstory observations, on 
such points as the attachment of the anterior pharyngeal pro- 
cesses, to be made without elaborate dissection or maceration. 

In the figures illustrating this paper no attempt has been made 
to represent features which have no bearing on the argument — 
for example mouth-parts, except the mandible, have been omitted 
in lateral views, the eyes have been represented conventionally 
without indicating the number of ocelli, seta', have been omitted, 
etc. In other respects they are to be taken as literal and in no 
way diagrammatic. 

The author would like to acknowledge his debt to Dr. W. T. 
Caiman, F.R.S., for giving him access to the material required 
for this work and for his unvarying helpfulness in advice and 
criticism ; also to Miss Joyce Townend, F.Z.S., for her able 
assistance in the preparation of the text-figures. 

2. Analysis and Discussion of liesults. 

In assessing the relative importance of the structures seen on 
the head of the terrestrial Isopods one naturally turns for 
guidance to the more primitive aquatic forms. The evidence 
here is, fortunately, clear and unequivocal. 

The frontal line is absent in all aquatic Isopods, but the supra- 
antennary line is a structure of great importance and is seen 
(especially well in the Asellota and Valvifera) as a well-defined 
ridge over the sockets of the two pairs of antennae, which is often 
continuous on each side with the nmrginal line. This ridge may 
dip sharply down in the midline to form a Y, a feature which is 
preserved in some terrestrial forms. The attachment of the 
anterior pharyngeal processes to the inside of the dorsal 
surface of the “ skull ” is always far behind this line. At the 
angle where the supra-antennary and marginal lines meet, there 
may be formed a small projection which is the forerunner of the 
antennary tubercle of the terrestrial Isopods. It may be noted 
that in some species of Philoacia the antennary tubercle is obso- 
lete and the two lines are confluent as ip many aquatic Isopods. 
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The frontal lamina in aijuatic Isopods is usually sharply defined 
from the rest of the face between the aritennary sockets, and ia 
not flattened on to or fused with the face in any form seen by 
the author. In terrestrial Isopods it is only clearly separable 
from the face in Lifjiuy Ligidium, and TtfloSy and becomes less 
deflned as the an ten nary sockets migrate outwards, as occurs in 
all liiglier forms. In sucli forms the clypeus becomes rolled, loses 
the [)late-like appearance it presents in more lowly forms, and the 
groove separating it from the frontal lamina disappears completely 
or is represented by a faint line. 

In aquatic Isopods the maxillipedal somite is usually very 
clearly marked off by deep intersomitic apodernes laterally and 
often by an occipital groove dorsal ly. The lateral grooves are 
seen clearly in a more or less reduced condition in all terrestrial 
Isopods, but tile occipital groove is only seen completely uncovered 
in Ligia and Ligidium and, in a reduced condition, in Scyphar, 
although in Tyloa and TUaneiJtea it is only partly obliterated by 
the carapace fold. 

From the above it can be laid down that the following characters 
may be looke*! upon as primitive: — (1) the supra-antennary line, 
(2) a small degree of interruption between this line and the 
marginal line. (3) the separation of the middle part of the frontal 
lamina from the face and clypeus, (4) the presence of an occipitnl 
groove. 

These assumptions are confiriuetl in the main by the conclusions 
which most workers on the terrestrial Isopods have reached 
regarding the systematic position of the families — a. <7., the 
Ligihhe, which have the supra-antennary line well <levelopefl, are 
usually assumed to lie at the base of the terrestrial Isopod stock, 
whercfis the PorcelUoAike forms, in which the frontal line is corw 
spiciiously develoi>ed, are usually con.sidered to be relatively high 
members of the suV)order. 

The nearest approach to the aquatic Isopods is made by Tylosf 
and Ilellpria. In tliese genera the conformation of head charac- 
teristic of tlie typical terrestrial Isopods is only dimly to be 
perceived, and they would be scarcely intelligible if one approached 
them from that aspect. Compared with the aquatic forms, it can 
be seen that the supra antennal line has lost its sharp projecting 
shelf and become merged in the general surface of the head, the 
middle portion of the frontal lamina has become hypertrophied 
and even more <Ustinct, and the marginal lines are discontinuous 
at the sides fas in Idotea), but the clypeus approximates more in 
shape to that found in the Ligiidae, and the lateral portions of the 
maxilli|>edal somite are also of the terrestrial type. On the head- 
structure one must assign a lowly position to these genera. 

If these considerations are applied to Ligia oceaniea, the only 
form which has been exhaustively studied (1926), it is found to 
be specialized in so far as its frontal line is prominently displayed 
and its marginal line and supra-antennary line are interrupted 
by the antennary tubercle (although it must be noted that in 
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some othei* species of Ligia the frontal line is much Jess developed), 
but it is decidedly primitive in i*espcct of its other characters. 

The head of Deto i^ particularly instructive viewed from this 
standpoint. On the general structure of the head alone there 
would be no hesitation in placing it as a primitive form near to 
Ligidium and Trichoniscus^ us the supra-antennary line is well 
developed and continuous with the marginal line, and the cl^^peus 
an^l frontal lamina are clearly separable; hut, although the 
maxillipede is primitive, the character of the mandible, maxilla, 
and the single penis make a close association impossible. The 
resemblances may then he attributed to the retention of ])rimi- 
tive characters in both, but there can be little doubt that Deto 
has arisen from a not far distant TrichoniscusAikQ ancestor, and 
now lies at the base of the main stock of the Oniscidae, leading to 
such forms as Oniacus and Porcellio. 

Tlie transition from the Deto type of head to the Philoacia type 
is not difficult, and the tendency of the supra-autennary line and 
marginal line to form side*flaps in gome species of Philoacia is 
significant. The four segmente*! antennal flagellum becomes 
reduced to three, the endito of the maxillipede becomes shorter 
and less truncate, an<l the separate segments of the endopodite 
become reduced in number ; but little further modification is 
required. The next step upwards on this line of non-tracheate 
forms with triarticnlate antennal liagellum should lend through 
Alloniacm to Oniscaa, but the gulf between the heads of Philoacia 
and Oniacua^ even when narrowed by Allomacua. is a considerable 
one, as Oniacus has a most remarkable similarity to Po^rellio v/\th 
its boldly-marked frontal line and v'estiginl supra-antennaiy line. 

In PorceUionidea we probably have a form which leads from 
the Deto type to Porcellio^ hut it is much further from Deto than 
is Philoacia and correspondingly nearer to Porcellio A further 
segment of the antennal flagellum is dropped, and tracheae are 
developed in the pleopods. On the head the fiontal line is well 
developed, although not prominent, and the supra antennary line, 
although distinctly indicated in some species, is in othei s vestigial 
or absent. 

Scyphcuc possesses a type of head which in some lespects stands 
alone. Apart from the enoimous eyes (which, like those of 
Actcecia^ are evidently an adaptation for a special mode of life) 
and the modifications associated with them, the head is lacking 
in salient features. The frontal line is undeveloped, the supra- 
autennary line is pressed closely on to the antennary sockets and 
broken in the middle, the antennary tubercle is obsolete, and the 
-clypeus, although of a simple type, is fused in the middle with 
the face. Just as Deto gives the impression of being a modified 
Triehoniacua, so this head looks like a modified Ligia,^ but, 
although low in the scale, it is obviously far advanced from the 
JAjgia type. It might be conjectured that it represents an inde- 
pendent offshoot somewhere near Deto, 

Bhyatsoiua is another fundamentally primitive form which has 
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ulidergone striking specialization in some diiections. in connec- 
tion with this genus the genei-al observation may be made, that 
throughout the group, concuiTently with specialization in other 
parts, the segments of the antennal Hagellurn tend to become 
reduced. 

It is of importance to note that as the supra -an ten nary line is 
reduced in non conglobating forms, it is tlriven lower on the face 
till it rests on the top of the antennary sockets and restricts very 
considerably the urea of the post-frons (Paraphiloscia), In the 
conglobating forms t he reverse process seems to take place, and 
the line is driven high on the face till it skirts the top of the 
great frontal shield {Anaadillidium). 

In the former ca>e a fold of chitin carrying the line may 
obscure the upper boundary of the antennary socket, and at the 
outer side of the socket an apparent notch is produced by the 
separation of the supra-antennary line fiom the socket. This is 
well seen in Paraphiloscia gracil'tH^ which retains the middle 
jxirtion of the line, and in manv^ Porcellio species which have 
otherv\ ise lost the line. I n Armadillidiuiu tndgare an intermediate 
stage can be seen where the line is partly lifted above tlie socket. 
Such a notch is best seen in forms in which tlie snpra-antennary 
line is (or was) low on tlie face, an<l less frecjuently in those in 
which it is lifted high above the sockets, so that a notch in a form 
which lias no other trace of a siipra-an ten nary line may usually 
he accepted as evidence of its former existence low down on the 
face. 

There can never he any doubt as to the identity of this line, 
owing to the fact that the anterior pharyngeal ]»iocessesof the 
alar plate are always a ttachetl well behind it, and that its relations 
at each side with the marginal line and antennary tubercle are 
most characteristic. The anteruir pharyngeal piocesses are 
alway.s attached to the cranium either on or immediately behind 
the frontal line when this is present. 

Another line of study is afforded by the genera which exhibit 
the power of rolling up (or conglobation ” as Biidde-Lund calls 
it). Among the most important genera w'hicli conglobate are 
Acterxia, Piibaris^ Perisci/phis, Ificrocerctcs^ JSciidjahvs, tSuarezia^ 
Scleropacies, Eubelum, Toradjia^ and Armadillldinm, 

In all these forms the head tends to become HatteiuMl in an 
antero-posterior tlirection. Where tlie faculty is highly developed 
the upper surface (vertex-occiput) and the geme become narrow 
strips, the face becomes flattened and vertical, and tlie middle 
part of the fi’ontal lamina and clypeus and the post-frontal area 
with the supm-antennnry line are driven high up on it. The 
antennary sockets are often protuberant. The distribution of 
the origin of the adductor mandibularis is little indication of the 
boundary between frontal area and vertex, as the restricted 
upper area of the bead may cause part, of the origin of the muscle 
to be placed on the face below the frontal line. The anterior 
pharyngeal processes, however, remain attached to the frontal 
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line, so that they may lie partly within the mandibularis- 
muscle. 

The same general type is common to all, but it is most im- 
probable thnt all these types ai‘e nearly related and that conglo- 
bation has only arisen once in the terrestrial Isopods. The- 
Cuharia and Arniadillidium types have much in common, the 
differences being expressed in other parts of the l)ody than the 
head — especially in the uropoda, which have become specialised 
in opposite directions. 

There are several conglobating forms, such as Periseyphu^ 
jSaidjahiiSy and ^uarezia^ which are related to the Cnbaris-type 
and which show varying degrees of specialisation in head and 
body, and in all these the supra-antennary line seems to have 
been forced up high on the face. 

Scleropactes is an interesting form, as it shows the supra- 
antennary line in process of reduction and the uropods in a 
condition approaching that of Cuharis, but the supra-antennary 
line is low on the face and immediately above the antennary 
sockets, the antennary tubercle is low down, and the clypeus is 
of a comparatively simple type. This is no doubt one of the 
more primitive rolling types, and the truncate endite of the 
maxillipede and the triarticulated antennal flagellum also point 
in this direction. On the other hand, trachefe are said to be 
present in the pleopods. The exaggerated frontal shield charac- 
teristic of conglobating forms is well shown, in contrast, as it 
were, to the rest of the otherwise lowly head. The temptation, 
on the evidence of the head, to put this form low down in a 
line leading through Suarezm, Saidjahus^ and Periscyphia (with 
secondary reduction of the frontal line) to Cvharis is modified 
by our present knowledge of the geographical distribution of 
these forms. On the evidence of the head one can equally well 
argue tliat the /*ert>cypA/s-group has never had a frontal line 
and is in process of gaining one, so that its highest form would 
be P, latissim'iis with tlie complete frontal line (and vestigial 
exopod to the uiopod). The complete absence of supra-an ten nary 
line postulates, liowever, a high position in the series for this 
genus. 

ActcKcia, which by its general anatomy must be classified aa 
one of the more primitive forms, shows in the head a si^ecialisa- 
tiou for rolling as extreme as that of Cuharie and in some respecta 
resembling it. The retention of distinct portions of the middle 
paifi of the frontal lamina is an unusual feature, but this struc- 
ture and the middle part of the cly|)eus have migrated far up on 
the face. One can only conclude that AcitBcia has become quite 
independently modified in the same direction as the higher 
conglobating fornis. 

Evhekim differs so little in head-structure from CubartB as to 
require no separate consideration, but it is improbable that these' 
genera are as nearly related as that would seem to imply, when 
other structural featues are taken into account. 
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The author has seen none of the original specimens of Toradjia 
described by Dollfus, and has doubts about the correct identifica- 
tion of the specimens so named by Budde-fiUnd ; but from the 
figures and descriptions available, it is not clear whether the 
middle of the frontal line has been drawn backw’ards over the 
vertex, or whether a tongue formed from the frontal shield has 
been drawn over the frontal line and applied to the upper surface 
of the head. If the gi eatly elevated median caiina of Armadil- 
lidium namium were fiattened on to the upper surface of the 
head, such an efiect could be produced. 

The form of the clt/peus in the terrestrial lsop€>ds is piogres- 
sively modified throughout the group and is of some interest. 
In lAyia and related forms it is almost flat and applied as a 
shield to the face, and is in the same plane as the labnim. A 
deep groove separates it from the face in Tylos^ Ligia^ Tricho- 
niscus, and Zigidmm^ and to a less extent in Titanet/tes. In the 
remaining forms it is never expanded or separated from the face 
by anything more than a shallow depression. It arises from 
the face at an angle approximating to a right angle and bonds 
sharply dowui to connect wdth the la brum. There is therefore a 
horizontal ledge or shelf formed l)etween the nntennary sockets. 
(In the following descriptions this condition is termed ‘‘set oft* 
from face.*’) I’lm distal portion of tlie clypeus is turned over 
to l)ecome more or less in the same plane as the labrum 
dillidlum, P/dloscia, Porcfilio)^ but tfie distal edge may itself be 
sharply returned so that this portion of the cly|>eus forms a 
projecting roll in the form of an (Cuharis), In conglobating 
forms the antennal sockets tend t.o he forced far a] art, and the 
clypeus becomes narrow and lifted Wtween them, tlie lateral 
pr(»ce8ses sometimes becoming deformed and folded (Cnharis, 
ArmadiUidmm^ Perisryphis), The anterior apophysis of the* 
mandible articulates with the clypeus between its body and its 
lateral processes. 


3. Suwmary of Types of Head-structure, 

The types of head found in the terrestrial Isoj^mds can be- 
classified broadly under the following sections: — 

A. TvLos-type. (Text-fig, 6 (A) (B).) 

Flattened from above downward, vertex and profrons fieing 
in one plane so that the supra -antenna ry line forms the anterior 
margin of the top of the head. Middle part of frontal lamina 
massive and well defined from face. Clypeus wide and deep, 
but with very small lateral processes. Occipital groove on hiiut 
border of head. Antennary sockets close together. Attachment 
of anterior pharyngeal processes far hack on dorsal surface of 
head. Antennary tubercle not clearly differentiated, {Tylos, 
JBeUeria,) 
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B. LiGiDiUM-type. (Text-ligs. 1-9, 11, <k 12.) 

Includes heads retaining many primitive features. Tlie pro- 
froris is no longer in the same plane as the vertex, hut is usually 
raised to approximate to the plane of tlie postfrons, thus forming 
a distinct “face"' and “forehead.** Supra-antennary line very 
distinct, and usually closely associated with marginal line in the 
neighbourhood of the antennary tubercle. CHypeiis more or less 
flattened, and often separated from frontal lamina by a distinct 
crease. 

rhis section divides itself into three groups which tend to 
overlap ; — 

1. In which the occipital groove is uncovered; the middle 
part of the frontal lamina is distinct and the clypeus fiat and 
clearly defined from the frontal lamina : the “ forehead ** is raised 
so that the face approaches the vertical ; anlennal sockets close 
together. (Lifjidiuitiy Liyia and possibly Scyphox^ altliough this 
form does nob quite square with the definition.) 

2. Jn which the occipital groove is covered by a carapace fold ; 

the middle portion of the frontal lamina is fused with the face; 
the clypeus is not clearly define<l from the frontal lamina, but 
remains flat, and ; the head is compressed dorso- 

ventrally so that the “ forehead ** is receding and the clypeus 
and labrum sloped forward to give, in side view, a prognatlious 
appearance; antennal sockets further apart than in preceding 
grouja {TrichomscuSi Tiiamih^^ DeiOy Anuad'dlonisms^ Scypho-- 
niscus,) 

n. [n whicJi the characters are as in Group 2, but the clypeus 
is set oft* from the face and no longer flattened, the “forehead ** 
is raised and the face ” approaching the vertical, and the anten- 
nary sockets have further Tliverged. {Philoscia, s. int. ^ Jiloniscus, 
and related genera.) 


C. PoHCELLiu-ty{)e. (Text-figs. 13 14.) 

Frontal line strongly developed or secondarily reduced {Hemi- 
Upistus), often forming prominent lobes. Supra-an ten nary line 
vestigial or only feebly represented, pro- and postfrons being 
usually confluent. Marginal line usually well defined under 
eyes and passing downwards uninterruptedly to lower margin of 
cheek. Clypeus set off from face. Head not fiattened dorso- 
ventrally, but never shortened in an antero-posterior direction 
like the next section. {PorceUio^ s. lat,, Oniscus^ and related 
genera.) 

3), CuBAKis-type. (Text-figs. 17-39.) 

This section is unnatural, as it includes the conglobating types, 
which all conform more or less to the same plan, but may not on 
that account be related. 
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Frontal line usually strong and raised into rrest, vvliich forms 
upper edge of inoro or less flat frontal shield, Supra-antennal 
line vestigial or only feebly represented. Antennary tubercle 
usually high on face and sometimes raised into distinct ridge. 
(Jlypeus set off from face, often rolled and raised between anten- 
nary sockets. Head compressed antero- posteriorly so that its 
height greatly exceeds its depth. ((Jitharin^ Spherillo, Armadil- 
lidiuin, Periscpphis^ Microuiscm^ awd related fotins.) 

Scleropactes ami Acfttria stand in separate cat/egories, as lias 
been explained above. 

4. Descriptions of Heads of A^elpcted Uenera. 

Below are given uniform descriptions of the liea<ls of every 
genus of terrestrial Isopod available to the author wljich seemed 
to diller sutliciently from their fellows to merit it. The species 
chosen for description was that of which the best specimens were 
obtainable and which seemed best to illustrate the general struc- 
ture in the genus. Each generic description may be looked upon 
as a central point which will illuminate the structure of any 
nearly related genus or snbgeuiis, and thus cover more or less 
completely tiie wliole held. 

The description of Lifia oceanica which subjoins is drawn up 
on the same plan as tlje otlters for the sake of uniformity, and 
illustrated by the same figuies as in a previous paper on tlie 
subject ( 192()). 

1. LroiA OCEANICA (Liuu.). (Text-figs. 1 ik 2.) 

Clypetis: smooth, flat, and large, separated by deep Assure 
from frontal lamina; lateral processes small and pressed back. 

Frontal lamhui : antennal socket large, well defined, and close 
together; lowerand middle part of lamina well marked ; median 
projection fuse<l vvjth face. 

Antennary tubercle: blunt and flat but well marked, lying 
high on siile of face ; marginal ami supra-anternial lines lie close 
together upon it. 

Fostfroiis : large ami well markeil olt* by strongly-developeil 
supra-antennal line, which forms a \ in mid-line. 

ProfroHS ; a large ai ea well marked off by frontal line, which 
curves down to end on each side beneath eyes. 

Vertex: with well-marked interocular line and shallow post- 
ocular pits. 

OcdplUil groove : passes across dorsal surface, cutting off' the 
maxillipedal somite from the rest of the head. 

Margitud line : well marked throughout, forming front border 
of occipital groove and passing over antennary tubercle. 

Oma : large and high ; deep genal fossa and distinct genal 

groom 

Remarkei all primitive features ai*e well marked in this head. 
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Text- figure 1. 


Outlui# of head of Ligia oetanita seen from the front f. 


Text-figure 2. 


)cc. gr. 
som.mx^ 


ppostoc.^ 


grgen 


post gen 


fos gen 
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Outline of head of Ligia oeeanica teen from the aide f. 

t Key to text-fign. 1 and 2i-—antiub,t antennary tubercle ; dp,, clypeus j fos,gen,, 
jgenal foaia ; fr., poattrone ; gen., gena; gf,gen., genal groove ; laB., bbram t lam/r., 
frontal lamina; Un,ant,, ittpra-antennal line; linfr,, frontal line; tin,marg,, 
marginal line ; Un,oe,, iuteroeular line ; mand., mandible; oeo,gr., oeoipital groore; 
p,po9toe., poitocular pit ; pf,, poatftwie ; podgen,, pofftgena j lateral proeaaa 

of clypeus; aom.ma'jp., inazillipedal somite; median spine of frontal iamina ; 

fissure between maiillipedal somite and eepbalon wbem oooipital groove passes 
to ventral sorfiiee of head* 
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•combined with more specialised characters which attain a more 
elaborate development in higher groups. 

2. Ligidium hypnorum (Guv.). (Text-fig. 3.) 

Clypetia : similar to that oF Ligia^ flattened, very small lateral 
processes ; upper edge raised and folded against frontal lamina, 
but less so than in Ligia, 


Text- figure 3. 



Ligidium hgpnorum viewed (A) from the eide, (B) from the front. 


Frontal lamina: middle part proportionately wider than in 
Ligta^ the distance between antennal sockets being greater; 
lower edge very distinctly marked oflT, upper fused with face ; 
antennal sockets closely applied to face. 

AnUnnary tuherde : obsolete. 

Fostfrom: similar to that of Ligia\ supra-antennal line well 
defined, passing downward on either side of antennae and then 
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sharply backwards nearly to join marginal line ; well-marked V 
in mid-line. 

Profroihs: conflueut with vertex, as frontal line is absent; the 
curvature of the “ foreliead/’ however, marks its position and 
indicates a similar course to that of Ligia, 

Vertex : interocular hue indistinct ; shallow postocular pits. 

Occipital groove : strongly developed and <ieeper dorsal Jy than 
in Ligia. 

Marginal line : well marked and continuous throughout. 

Gena ; very smooth and little excavated beneath eyes ; no genal 
groove; genal fossa, well marked. 

Remarks : the frontal lamina is in an interesting intermediate 
stage of reduction ; a head which r‘.ather suggests that it has lo^t 
the more specialised characters of Ligia than of being more 
primitive than it. 


Text- figure 4. 




Trichoniscus ro$su$ viewed (A) from the tide, (B) from the front. 

3. Triohoxisous bosbus (Koch), (Toxt»%. 4.) 

Clypeua: similar to Ligia^ a deep groove between it and 
frontal lamina; lateral processes very small. 
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Frontal lamina : middle part fused with face, although an ill- 
defined groove may mark line of fusion ; antennal sockets very 
laterally placeil so that they press on antennary tubercle ; closely 
applied to face. 

Antennary tubercle : high on side of face and prominent ; 
supra-antennal line runs on it and nearly meets marginal line, 
which curves forward from beside eyes, 

Poetfrone : restricted by median downward sweep of supra- 
antennal line, which is strongly marked. 

Pro/rons: confluent with vertex, but distinctly separable from 
it by absence of tubercles; frontal line an ill-defined shallow 
groove between eyes, diflicult to make out without exposure of 
anterior pharyngeal processes in sagittal section. 

Marginal line : forms hind border of head ; well defined 
laterally and raised so as to pass across eyes ; becomes obscure 
on reaching antennary tubercle. 

(rena : slightly concave under eyes ; no genal groove or fossa. 

Remarks: this head has undergone the opposite process to 
the conglobating forms (Cnharis etc.). The vertex has passed 
forwards, encroached on the frontal area and bent the supra- 
antennal line down, whereas in Cubaris the frontal area has 
expanded greatly upwards, pushing the vertex back and making 
the top of the liead very narrow. Whole head markedly flattened, 
but related to Ligia, The occipital groove has disappeared. 

4, Titanethes ALDUS (Koch). (Text-fig. 5.) 

Clypeus : smooth, flat, and large, shaped like Ligia^ but tilted 
upwards so as to protrude sharply from face ; lateral processes 
small and pressed back. 

Frontal lamina: middle part obscured by clypeus, which 
projects upwards and forms a deep groove between it and frontal 
lamina as in Ligia ; antennal sockets well defined, slightly 
overliung at sides by supra-antennal line. 

Antennary tubercle: prominent lobes on each side of and 
slightly above antennal sockets ; supra-antennal line terminates 
on tubercle. 

PostfronJi: small area restricted by low-curving supra-antennal 
lines ; slightly bulbous. 

Profrons : confluent with vertex, but distinguishable from it 
by absence of tubercles. 

Occipital groove : upon hind margin of head facing backwards. 

Marginal line: forms hind margin of head coequal with 
posterior edge of occipital groove ; distinct laterally and ending 
on antennary tubercle. 

Oma : flat, only slightly excavated ; no genal groove or well- 
marked genal fossa. 

Rmmrke : a similar head to the preceding, but recalling Deto 
in its general form. 

Paoo. ZooL, Soc.— 1928, No. XXXVIII. 


38 



574 


DR. H. Q. JAOKSOK ON THE 


Text-figure 5, 




5. Tylos latrbillei Aud. (Text-fig. 6.) 

Clypevs: massive and tuberculated, upper edge projected 
forward to fom thick roll; wide, but without large lateral 
processes. 

Frontal lamina : middle portion in form of triangular projecting 
shield, fused with face above, although easily separable ; lower 
edge separated from clypeus by deep cleft ; antennal sockets well 
marked below, but difficult to separate from face above. 

Antenimry tubercle: a structure at each side of antennal 
socket appears to consist of supra-antennal line, marginal line, 
and antennary tubercle, but the strudiure is not distinctly 
developed. 
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PoBtfrons : ill defined ; supra^ antennal line distinguishable 
over sockets, but somewhat feeble between them. 

Prof Tons : confluent with vertex ; well-marked attachments of 
anterior pharyngeal })rocesses between eyes show anterior margin 
of vertex, but frontal line is entirely absent. 

Occipital groox^e : upon hind margin of head facing back- 
wards. 

Marginal line \ defines posterior margin of head, coequal with 


Text-figure 6 



TyXos latreilUi viewod (A) from tlie side, (B) from the front. 


posterior edge of occipital groove ; scaicoly distinguishable 
laterally. 

G$na : smooth, concave ; genal fossa scarcely formed. 

EeniarkBi the head has a strong general resemblance to 
Idotea^ especially in the facial region, the disposition of frontal 
lamina, sockets and supra-antennal lines being especially similar. 
The other characters are on the whole terrestrial, although it 
would appear never to have possessed a frontal line. 

38 » 
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6. ScYPHAX ORNATUS Dana. (Text-tig. 7.) 

Clypeus ; smoothly convex, not separable from face in mid-line ; 
lateral processes moderately large. 


Text-figure 7. 



Scyphav omatus viewed (A) from the «ide, (B) from the front. 


Frontal lamina: middle portion obsolete; lower portion of 
antennal sockets feebly dedned, upper part masked by b^vy 
fold from postfrons carrying snpra-antennal line. 
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Antenna/ry tubercle : not obvious, but may be represented by a 
knob at each side of head below marginal line. 

Poatfrom : not clearly defined from profrons ; supra-antennal 
line passes over antennary sockets and runs sharply downwards 
between them to inner side of antennules, where it becomes lost. 

Profrons : confluent with vertex ; frontal line absent, but 


Text-figure 8. 



Deto bttcculenta vif*\\ed (A) from the (13) from the front. 


from position of anterior pharyngeal processes the profrons may 
bo assumed to end above and between the eyes, which have 
encroached upon it. 

Oecipiial groove : obliterated dorsally, but from the marginal 
line and other indications it is obviously morphologically in the 
same position as in Zigia. 
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Marginal line : very well defined laterally, turns forward in 
front and ends at side of supra-antennal line, just lateral to 
antennal sockets ; at bind margin of eye it turns upwards and 
disappears on dorsal surface ; hind margin of bead formed by 
maxillipedal somite. 

Gena : slightly concave ; genal fossa, shallow. 

Remarks : must be classed as a primitive head, with individual 
modifications. 

7. Deto bucculenta, (Text-fig. 8.) 

Clypeus : upper part calcified, lower membranous ; defined 
from face by slight groove ; lateral processes moderately large : 
lahrimi and clypeus resembling Ligia^ but protruded forwards so 
that the face forms a wide angle with the “foramen magnum/’ 

Frontal lamina : middle part fused with postfrons, from which 
it is only separated by a shallow depression ; antennal sockets 
moderately defined and very overshadowed by supra-antennal 
line and antennary tubercles, which bulge over them. 

Antennary tnhercle : drawn outwards and forwards to form a 
pair of lobes simulating lateral lobes (formed from frontal line in 
Porcellio and Oniscus) ; supra-antennal line runs round its edge 
and meets marginal line. 

Postfrons: restricted in area by low-curving supra-antennal 
line which runs closely over antennal sockets. 

Profrons : confluent with vertex, as frontal line is absent. 

Marginal line: distinct, but feeble laterally; passes under 
carapace fold at hind border ; in front becomes confluent with 
supra-antennal line. 

Gena : flat, only slightly concave ; very broad and low ; no 
genal fosssD. 

Remarks : this head has a superficial resemblance to Oniscus 
and Porcellio, but really is widely removed. The antennary 
tubercles have, in fact, been mistaken for lateral lobes* It has 
most in common with Trichoniscus, both retaining many primitive 
features as well as the general shape, large antennary tubercles, 
and low-curving supra-antennal line. 

8* ^ RMADiLLONiscus sp. (Text-fig, 9.) 

Clypeus : scarcely defined from face ; lateral processes large ; 
protruded forwards and generally similar to Deto, but approaching 
nearer to the higher forms. 

Frontal lamina : middle part not at all defined ; antennary 
sockets well defined, very large and placed low down. 

A^itmnary tubercle : prominent lobes similar to those of Deto 
and similarly bulging over antennal sockets ; probably carrying 
supra-antennal line, which, however, is less distinctly joined on 
than in Deio» 

Postfrom: small area defined above by rather weak enpra* 
antennal line, which is obsolete in inid**}ine, where it is inters 
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rupted by a tubercle ; passes over antennal sockets to antennary 
tubercle. 

Profrona: confluent with vertex, as frontal line is absent. 

Vertex : in this species bears a pair of flat, transverse, vertical 
plates which have no morphological significance. 

Marginal line : forms hind margin of head, passes forward 
under eyes, and becomes lost on antennal tubercle. 

I'ext-lignre i). 




Aimadillonisews sp. \iewe(i (A) from the side, (B) from the front. 


Oeiva : very broad and low ; maxillipedal somite wide laterally; 
no genal groove or fossa. 

Eemarka: this bead has many characters in common with 
J}a(o; the supra-antannal line, though less defined, lias similar 
relations with antennary tubercles ; the face is extremely pro- 
tuberant and long. The specimen here described is from 
Budde-Iiuttd’s collection (British Museum), and is there labelled 


580 


DR. H. 6. JACKSON ON THB 


A, hilohatxis B.-L.,” but no description of it seems to have been 
published. 

9. SCYPHONISCUS WAITATENSIS Chilton. 

This genus does not require a separate description from 
ArniKudilloniecm^ as the general type is very similar. The 
antennary lobes are less pronounced than in that genus and the 
3upra>antennal line is absent. 

Text fi;^ure 10. 



Actada euchroa viewed (A) from the Hide^ (U) from tho fi'oiit. 

10. Aot.£CIA buchroa Dana. (Text-fig, 10«) 

Clypmix drawn up high in mid-line and only doubtfully 
separable from front^ lamina ; body lobed on eaisb side, lower 
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part membi'anous ; lateral processes moderately large and drawn 
out very fine. 

Frontal lamina : drawn up high on to face in mid-line, where 
it is probably represented by a pair of convex protuberances ; 


Text-figure 11. 



Philoicm mttst^rum viewed (A) from the tide, (B) from the front. 


antennal sockets moderately defined below, overshadowed above 
and at sides by vestigial fold of supra-antennal line. 

Antennary tuherde : not patent, 

: not clearly delimited ; antennular sockets low down 
by antennal sockets; no supra-antennal line other than the 
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vestigial fold referred to; the median V*shaped ridge may 
represent a part of it. 

Profrona: bounded above by raised frontal line, forming a 
high shield extending laterally to sides of antennal sockets. 

Marginal line : ill defined laterally ; passes under hind border 
of head, wiiich is produced far back so as markedly to overlap and 
obliterate the maxillipedal somite, a modification probably due 
to the enormous development of the eyes. 

Gena : posterior edge reflected so that a jx)rtion of the gena 
faces backwards ; genal groove deep ; genal fossa absent. 

liemarks: a head modified in the same direction as the other 
conglobating genera, but remarkably different in detail and 
obviously entirel}'^ unrelated to them. 

11. PuiLOSCiA MuscoRUM (Scop,). (Text-fig. 11.) 

Chjpeits ; set oft‘ from face and gently rolle<l ; separated b}" 
distinct groove from face; lateral processes small. 

Frontal lamina \ midtlle part bulbous, distinctly separated by 
groove from fix)ntHl area ; antennal sockets defined and flat on 
face. 

Autennary tubercle : very reduced and low down. 

Fostfrons : slightly bulbous ; a large area similar in extent to 
that of Ligia and Ligidium; supra-anlennal lino very well 
developed, curving down ox\ each side to pass over outer edge of 
antennal sockets ; sinuate in mid-line ; ends on antemrary tubercle 
without attaining marginal line in this species. 

Frofrom : confluent with vertex, as frontal line is absent. 

Marginal hue : forms hind margin of head ; very distinct and 
well marked throughout. 

Gena\ slightly concave; genal groove present; genal fossa 
shallow. 

Memarks: in some Philoscia^^ the supra-antennal line and 
marginal line meet on the antennaiy tubercle as in Deto and 
other primitive forms, 'fhe head is an interesting illustmtion 
of a movement from the Ligidium-^ty^e towar<ls the higher 
members of the suborder. 

12. Auhjna pobcelloides B.-L. (Text-fig. 12.) 

Clypeusx set off from face; distinctly separated by shallow 
groove ; lateral processes moderately large and grooved off from 
body of clypeus. 

Frontal lamina : middle portion ill defined, but a short shallow 
median groove may mark its separation from postfrons ; antennal 
sockets well-defined below, obscured above by supra-antennal line. 

Antenna^ry tubercle : very reduced and low. 

Poetfrone : narrow from above downwards and sharply separated 
from profrons by well-defined supra-antennal line, which passes 
over antennal sockets and joins marginal line et side of face just 
above antennsry tubercle. 



MORPHOLOGY OF THE ISOPOl) HEAD. 


583 


Profrons : separated from vertex by very distinct margin, which 
is studded with small tubercles, but hardly forms distinct and 
continuous frontal line; in front and slightly to inner side of 
eye is ill-defined frontal lobe, on which this rudimentary line 
ends. 

Marginal line : forms hind border of head ; sharply-defined 


Text-figure 12. 




Arh4n<t poreeUoidM viewed (A) from the side, (B) from the front. 


laterally, passes downward in front of eye and joins supi^a- 
antennal line. 

Oena : smooth ; no genal gi'oove ; genal fossa deep. 

Remarks : a further forward progression from PhUoseia. 
A genus related to AUonisem. which greatly resembles it. 
AUoniscus brevis B.^L. differs only in the veiy bulbous postfrons, 
and the supra-antennal line is not continuous with the marginal 
line at the side of the antennal socket. 
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13. OniSCUS A9ELLUS Lini). 

In all but points of minute detail the description and figures 
given below of PorceUio flavocinctus applies equally well to this 
genus. 

14. PoRCEXxiONiDEs MYBMBCOPHiLUS (Stein). (Text-fig. 18.) 
ClypeuB : set oflf from face and rolled ; fused indistinguishably 

with frontal lamina above ; lateral processes mther small. 

Frontal lamina : middle portion obsolete, but probably defined 
in mid-line by short deep groove ; antennal sockets moderately 
well defined. 


Text-figure 13. 



PorcellUmidet myrm$€oph%lu$ viewed from the front. 


Antenna/ry tnherclei vestigial and low down. 

Post from ; partially separated by a median V, evidently part 
of supra-antennal line, from profrons; supra^autennal line 
otherwise incomplete and in some species absent. 

Profrom: defined above by strongly-developed frontal line, 
which is produced in front of eyes into weak lateral lobes. 

Marginal line : forms bind border of head ; well mai'ked and 
continuous laterally. 

Gena : genal groove well marked ; genal fossa present. 

Remarks : an interesting stage in the reduction of the supra- 
antennal line and development of frontal lateral lobes, approaching 
PorcelUo, 

15. PoRCEXxxo I’LAVOCiNOTUS B.-L. (Text«fig. 14.) 

Clypem : set off from face and rolled ; upper margin defined 
by slight groove ; lateral processes large. 

Rental lamim ; middle portion indistinctly defined^ and with 
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median slot-like groove ; antennal sockets well defined, but flat 
on face; fused above with vestigial supra-antennal line. 
Anisvmary tubercle : nearly obsolete anti low down. 

PoBtfrons\ not separate from prof rons, the middle portion of 
the siipra-antennal line being absent. 

Profrons : limited above by frontal line, which forms prominent 


Text-figure 14. 




FnretlliofiavocinctM vicweti (A) from the side, (B) from the front. 


crest ; frontal line drawn out in front of eyes to form prominent 
rountled frontal lol>es. 

Marginal line : forms posterior margin of head ; very distinct 
laterfilly, passes downwards in front of eyes and becomes lost on 
antennaiy tubercle. 

Bma : deeply concave ; genal groove ; fossa well developed. 

Renia/rk $ : the most highly-developed head of the non«conglo- 
bating tjrpe. Cylistioa>$ comemM (de Geer) differs in no important 
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respect from Porcellio seaher^ and shows no modification whatever 
for conglobation, Bathytropa is also of the PorceWio-type. 

16. RnYscoTUS ORTONEDAE B.-L, (Text-fig. 15.) 

Cly 2 )eu 8 \ forms a narrow rib continuous at each side with 
lateral processes, which are turned up to run on inner side of 
antennal socket ; middle portion may be extended upwards on 
to frontal lamina, but is not recognizable; owing to peculiar 
position of lateral process, anterior apophysis of mandible is 
directed upwards in order to articulate with it. 

Frontal lamina : antennal sockets thi'own to each side by 
enormous!}' hypertrophied middle portion, which forms tumour-* 
like structure. 


Text-figure 15. 



HhyBCOtui ortoneda viewed from the Ride. 


Antemiary tuherde i obsolete. 

Postfrons: defined above by well-marked supra-antennal line, 
but its area is encroached on and almost obliterated by bulbous 
frontal lamina, 

Profrom : confluent with vei*tex as frontal line is absent. 

Marginal line : forms posterior margin of head ; distinct 
laterally as far as eyes, under which it becomes lost. 

Gena : very broad and low owing to flattening of whole head. 

Remm'kei a head possessing remarkably specialized features, 
grafted on to a fundamentally primitive structure. 

17. ScLEROPAcmES sp. (Text-fig. 16.) 

Clypem ; little set oflF from face, only slightly rolled ; indis- 
tinctly separable from face ; lateml processes moderately large 
and pressed back. 

Frontal lamina : middle portion obsolete ; antennal sockets 
very well defined, fused above with supra-antennal line^ which, 
however, does not form obscuring fold. 

Antennary tvhercle : not distinctly developed, although it may 
be represented by slight fold at each side of bead, below and to 
the side of the antennal sockets. 
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Postfrons : distinctly demarcated by weak supra-antennal line, 
which is produced from above antennal sockets on each side, but 
fails to meet in middle. 

Projrons : frontal line raised into prominent shield forming 
strongly-marked triangular frontal lobes on eacli side ; median 
portion of whole frontal area distinctly bulbous. 

Vertex : deep cleft extending from behind eyes on each side 


Toxt-ligure 16, 




SelerojMctes dp. viewed (A) from the side, (b) from tlie front. 


and under frontal shield seems to be peculiar to this species and 
without morphological significance. 

Marginal Urn : forms posterior margin of head, becomes indis^ 
tinct under eyes and lost before it reaches frontal line ; reappears 
laterally low down. 

Qma X smooth ; deeply excavated under marginal line so that 
eyes are mounted on prominent shelf ; genal fossa well marked. 
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Bsmarksi a head entirely different from the other conglo- 
bating forms. It is compressed antero-posteriorly, but not very 
strongly ; the usual frontal crest is present, but the supra- 
an ten nary line is low on the face in its usual position and the 
antennary tul)ercle is in the position characteristic of the 
Philosda-ty^Q, This specimen was described from Budde-Lund’s 
material (British Museum), and is there labelled “ /S', cavt/mis 
B.-L.,” but no description of it seems to have been published. 

18. SpHiERONISCUS 8p. 

Very similar to Scleropactes, Also possesses a vestigial supra- 
antennary line which overhangs the antennal sockets. Side view 
very similar, but the head is more compressed antero-posteriorly 
and the upper surface is somewhat rectangular. The frontal line 
is very distinct, but the frontal shield is pressed back on the head 
and fused with it, so there is no crest or lateral lobes. This 
specimen was described from Budde-Luiid’s material (British 
Museum), and is there labelled S, intrusus B.-L.,^* but no 
description of it seems to have been published. 

19. Periscyphis rufocauda B.-L. (Text-fig. 17.) 

Clt/peus : set ofiT from face and strongly rolled ; not distinctly 
sepamble from face ; lateral processes large, projecting, and on 
inner side of antennal sockets. 

Frontal lamina : middle part entirely obliterated ; antennal 
sockets well defined and protuberant. 

Antennary tvhercle : not defined, but obviously combined witli 
lateral lobes of frontal line under eyes. 

Postfrons : confluent with profrons, as supra-antennal line is 
absent. 

Profrons: frontal line defined at each side urnlereyes by sharp 
lateral crest, which passes on top of head and verges into another 
ridge behind and between the eyes. From its relation with the 
origin of the adductor mandibularis this i.s obviously the inter- 
ocular line of lower forms. Median part of line obsolete. 

Vertex: postorbital pits present behind interocular line. 

Marginal line : forms hind margin of head ; strongly marked 
laterally and ends on ridge representing antennary tubercle and 
frontal lobe. 

Genai deeply recessed by fi^rst body-somite; genal groove 
and fossa present ; lateral rib of maxillipedal somite narrow. 

Remarks : a conglobating head related to Gubaris ; the 
presence of the intei*ocular line is a remarkable feature. The 
specimen described is labelled P. rufocauda B.-L., but does not 
conform with Omer-Cooper*s description (1926) in respect of the 
frontal line, which is there described as “attenuated in the 
middle, but continuous across the head.*^ It can scarcely be 
described as continuous in this specimen, which may therefore be 
the very nearly related P. triviatis. 
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Note on other species of Pei-iscypliis. — There is great variation 
in the form of the ridge passing between the eyes (called by 
Omer-Cooper in his valuable revision (1926) the “marginal” 
line) in this genus and a statement of its homologies in each 
species seems to be desirable. A comparison with Cuharis makes 
it evident that the side lobes of the head are equivalent to the 


Text-figure 17. 




Feriacyphis r^ufocauda (A) from thi‘ Ride, (B) from the front. 


comers of the frontal shield of that genus (which correspond to 
both antennary tubercle and lateral lobes of such a genus as 
Arfnad'^idmm). The anterior pharyngeal processes are attached 
inamedi»ly in line with a prolongation of the internal edges of 
these si(% lobes, and, in many species, well in front of the line 
between the eyes. When this line (which is always broken in 
the middle) is present, its relations with the adductor mandibu 
laris and anterior pharyngeal processes show it to be the 
Proo. Zool. Soo.— 1 928, No. XXXIV. 39 
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homologiie of the interocular line of Ligia, an unexpected feature 
in a higher terrestrial lsoj)od. Species which have a true frontal 
line and a frontal line which is really the interocular line 
must therefore be carefully discriminated between. Jn any case, 
Omer-Cooper’s term marginal line,” which lias been employed 
by other authors for the line at the side and back of the head, 
cannot be used for this line without ciiusing confusion. The 
condition found in all species described by Omer-Cooper is given 
below : — 

P, trivialis : frontal line slightly developed at each side under 
eyes ; absent in mid-line ; fus^ at side with antennary tubercle ; 
laterally marginal line nearly reaches antennary tubercle and 
lateral lobe. On each side of vertex, behind and between eyes, 
a short interocular line. 

P. vittatm: antennary tubercle and lateral lobe feebly 
developed ; no interocular line. 

P. civilis : similar to above. 

P. cavernicola : similar to P. trivialis, but interocular line is 
obsolete. 

P. undulata : antennary tubercle and small portion of frontal 
line returning inwards, absent in mid-line ; interocular line visible 
as short ridges on inner side of eyes. 

P. albescens : similar to P. trivialis, 

P. nigricans : similar to P. trwialis, 

P. limhata : antennary tubercle strong and lateral portions of 
frontal line well developed ; interocular line present, 

P. pidcher : interocular line very well developed ; frontal 
line 'i 

P. convexus : antennary tubercle and lateral lobe well 
developed ; frontal line nearly meeting in middle; no interocular 
line ; frontal shield bulging, but without deGried median carina. 

P. suhtransversus i antennaiy tubercle little developed, but 
frontal line is well raised under eyes and runs into interocular 
line between eyes ; in mid -line both are absent, but the anterior 
pharyngeal processes are attached in front of the prolongation of 
the interocular line. 

P. latissimus : frontal line developed as in Cubaris; antennary 
tubercle and lateral lobes well developed ; no interocular line. 

20. Sa-idjahus crbpbr B.-L, 

This head might belong to Periscgphis limhata Omer-Oooper. 
Antennary tubercle and lateral portion of frontal line are well 
developed ; interocular line present at each side inside eyes ; 
both obsolete in middle. 

21. SuAREZU HETERODOXA (Dollf.). 

Of the Periscyphis-ijp^, but lateral lobes and frontal line are 
ill-developed laterally, and the interocular line ie far forward so 
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as almost to join the frontal line in front of the eyes. The 
frontal line is entirely obsolete medianly, but the upper margin 
of the profrons is shown by the change in character in the 
granulations of the surface and the point of attachment of the 
anterior pharyngeal jn’ocesses. 

22. Microceucus anomalds Gerst. 

A head intermediate between Periscyphis and Ciiharin^ with 
complete frontal shield of Cuhains ; the clypeus small, rolled, and 
with moderate lateral processes, and the very narrow maxilli- 
pedal somite as in Periscyphis, No interoi-bital line ; gena little 
grooved, very much shortened antero-posteriorly. 

23. OiJiURis OFFICINALIS (Desm.). (Text-fig. 18.) 

Clypem: set off from face and pronouncedly rolled; lateral 
processes greatly expanded, grooved olf from borly of clypeus and 

Text- figure 18. 




CuharU officinalis viewed {k) from the side, (B) from the front. 

lying to inner side of antennal socket; both deeply excavated 
4orsally ; line of (fivision from face marked by faint groove. 

39 * 
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Frontal lamina : middle portion marked off from face by faint 
groove, but almost obsolete ; antennal sockets set far on edge of 
head, wide apart and protuberant. 

Antennary tubercle : lower edge maiked by excavation on 
lateral corners of frontal shield, upper edge only faintly separated 
from shield. (Refejence to this structure in Armadillidmm 
makes Cuharis more intelligible.) 

Fostfrons: continent with profrous, as supra -antennal line is 
absent. 

Profrous: frontal line mounted on high crest, which forms 
triangular lobes nt each corner; 'whole frontal area flat and 
expanded. 

Vertex : very broad and narrow, anterior and posterior edges 
parallel. 

Marginal line : forms hind lK)rder of head, passes under eyes, 
and is lost on lateral corner of frontal shield ; not visible 
laterally. 

Ge7Ui : high and narrow ; deeply recessed under lateral line for 
first free thoracic somite ; deep genal fossa. 

Remarks : the most medified conglobating head ; very flat from 
back to front and almost disc-shaped : siipra-antennal line lost 
and frontal area lifted high up. The head of Fiihdum is so close 
to the above as to require no sepamte description. 

Anchictiharis Collinge, has the Cnharis type of head ; antennuhe 
are present in the type-specimens, and not absent, as stated in 
Oollinge’s diagnosis. 

24. Calmanesia methueni Ollge. 

Of Cuharfs-^ty^e, although with individual modifications. The 
frontal shield is interrupted in the mid-line ; it is more pro- 
nounced and is leant forwards; the lateral processes of the 
clypeus are massive and produced npwai'ds into substantial kimb- 
like projections which are not excavated above. 

25. Armadillidium vulgare (Lat.). (Text-fig. 19.) 

Clypeus : set oflT from face and somewhat rolled ; no distinct 

separation from face in mid-line; lateral processes large, but not 
greatly expanded as in Cuharis*, slightly excavate above and 
interrupted in mid -line. 

Frontal lamina : middle portion obsolete, but faintly distin- 
guishable as semicircular area ; median groove al>ove this area ; 
antennal sockets widely separated and well defined, but not 
protuberant. 

Antennary tubercle : forms high well-defined ridge over 
antennal socket, and supra-antennal line overshadow^s, at each 
side, antennal sockets. 

Fostfrons: not distinctly demarcated from prof rons, although 
suprar-antennal line is distinct laterally and over antennary 
tubercle. 
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Profrons : provi<led with median triangular shield, which sur- 
passes in mid-line the frontal line ; this line is otherwise distinct, 
and raised on a crest with lateral lobes as in Cuharia, 

Marginal line : forms hind border of head ; well marked 
laterally behind eyes, but becomes lost anteriorly. 

Gena : deeply recessed in position of genal groove for first free 
thoracic somite ; genal fossa well marked. 


Text-figure 19. 




JrmadilliJium vuJgare viewed (A) from the Rule, (IJ) from the front. 


Remarks : a highly-modified conglobating type of head. The 
face could be interpreted dififerently from the above, if it be 
supposed that the {mstfrons has been lifted high up on the face 
so that the supra-antennal line runs over the border of the 
median triangular shield. A line is found in that position con- 
tinued on each side by a faint groove on to the antennary 
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tubercle. Such an interpretation, althougli possible, seems less 
probable than that given above. 

Eluma ccelatum (Miers) is also a typical Armadillidium, 

26. Platyarthrus hoffmanseggi Brandt. (Text-fig. 20.) 
Clypeiis : fused above with frontal lamina, rather bulbous ; 
lateral processes small and weak. 


Text-figure 20. 



JPlatyarthru$ hoffman$4ggi vi«w«d (A) from the side, (B) from the front. 


Frontal lamina : middle portion defined above by a moderately 
d^p groove in mid-line and slight groove elsewhere ; fused below 
with clypeus ; antennal sockets flat on face, overhung above by 
supra-antennal line and frontal lobes. 

AiUennary tubereh : not patent. 
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Postfrons: separated from profrons by well-marked supra- 
antennal lino which curves down in mid-line, 

Profrons : area limited above by indistinct frontal line marked 
by line of tubercles; frontal lobes encroach on face and are 
bulbous below so that they are in contact with supra-antennal 
line over antennal sockets. 

Marginal Ivie : forms hind border of head ; distinct laterally, 
and continued downwards as in Parcellio, 

Gem: slightly concave ; genal fossa well marked. 

Remarks : a head on the PorcelUo line, but showing more 
primitive characteristics and special moditieations. 

Leptotrichus panzerii (kmX') is nearly related to the above# 
The clypeus, however, is not bulbous, the supra-antennary line is 
scarcely distinguishable, and the marginal lino is carried further 
forward laterally before dipping down. 
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Lntroductiun. 

Dlnocmnpuif {Peril itus) r lit Uu8 MVes is parasitic in the larval 
stage upon the ailult \NeeviIs of ASitona lineata L., and has also 
been bre<l front iStiona hispklula P. its parasitism was lirst 
discovered by the liter in 1919 whilst a study \Yas being made 
of the bionomics of those species of w hich are injurious to 

leguminous crops, 'I'his w ork necessitated the dissection ot large 
numbers of w^eevils in order to examine their reprotluctive 
organs, and it was then noticed that stweral td tiie beetles col- 
lected in the tield contained witliin their abdomen a single 
parasitic larva. A little later full-grown Hymenopterous larvae 
were found wriggling about in tiie boxes in which the adult 
Hitona were contined. Several of the larvfe died, but others 
succeeded in forming compact cocoons of white silk, from which 
the imagines w»ere du ly reared. Tliey were submitted to Mr. G. T, 
Lyle, and identitied by him rutilus. No observations 

had hitherto been recorded upon the paitisitism of this insect, 
and it was thought that an investigation of its life-history would 

* Cummauioated by Prof. F. RALFOVB-BBOWirs, F.Z.S. 
t For explanation of the Plates, see p. 629. 
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be of interest from the viewpoints of both pure and applied 
entomology. The series of observations on which this paper is 
founded was commenced in 1919, and has been continued for 
several years in order to obtain suliicient material for the study 
of the different instars. This work has been undertaken with 
the object of presenting a full account of the post-embryonic 
development of tliis species. Since the larva undergoes marked 
changes in structure diiring its life, special attention lias been 
paid to its external anatomy. From the economic aspect alone 
it is of impoi tance to be able to identify the insect in its <liflerent 
stages, and for this reason it has been found necessary to supple- 
ment tlie descriptions with numerous figures. The internal 
anatomy of the insect in its various instars has not been dealt 
with, excepting when some understanding of its structure is 
necessary in explaining the habits of the larva. Since the results 
of an investigation carried out on the lines indicated cannot be 
recorded except at some length, it has been found advisiible oo 
divide the paper into two parts. The first part is devoted mainly 
to the adult insect, the egg, and the curious development of the 
cells of the embryonic membrane. In the second part the larval 
and pupal stages are described ; an account is also given of the 
seasonal history and the efiVcts of [larasitism on the host. 

I am indebted to Prof. F. Balfour- lirowne for his criticism and 
advice in regard to the preparation of this paper, and my thanks 
are due to Dr. A. 1). luims for nmny helpful suggestions during 
the course of this research. At the Imperial Bureau of Entomo- 
logy 1 have attained access to numerous papers on Hymeno- 
pterous parasites, and I wish to acknowledge my appreciation of 
the valuable assistance that has thus been rendered to me. 

Systematic Position of the Genus Dinocampus. 

The genus Dinocampus belongs to the Euphorinse, a subfamily 
of the Biacoiiidsp. It was erected by Forster in 1862 to receive 
those species of Perilitns in which the fiist cubital areolet of the 
fore wing is separated from the first discoidal. Marshal] (1887),. 
however, docs not treat Dinocampus as a separate genus from 
Perilitusy and 1 have previously (J920”"24) referred to this 
Braconid as Periliius rutilus, Mr. Lyle has since informed me 
that the species ought rightly to be called Dinocampus {Perilitus} 
rutilus. 

Notes on Literature regarding Parantism in the Genera 
Dinocampus and Peril itus. 

The two genera are widely distributed and the parasitism of a 
number of species bas been recorded. Asa rule these Braconids 
ai’e parasites of the adult beetles, but in a few oases they have 
been recorded as attacking the larv^ also* The publislie<) data 
on the pnrasitism of the different species of both genem are here 
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briefly summarized. It will be seen that the bionomics of the 
species differ in many important points, and that Coleoptera of 
widely- separated families serve as hosts. 

DinocampuB {PerilituB') falciger Ruthe. — Very little is known 
in regard to the iife-ijistory of tliis s[»ecies. 'J'ho few existing 
records show it to Iwi a parasite of Cbrysoinelid beetles of tlie 
genus Tiviarcha, Marsliall (1887, pt. ii. p. 76) notes the pre- 
sence of a specimen of this Braconid in the British Museum, 
ticketed ‘‘the larva fiom a living Tmiarcha coriciriu F.’’ Bignell 
( 1891) records tiie rearing of this species from an imago of 
riwarcha ienehricosa col]ect4Hl in Devon, a,nd he observed that 
41 larviJB emerge<l from the beetle. A still ohler observation 
relating to the breeding of twenty small iinnametl Braconids from 
Thnarcha itnBhricma is reported by Sichel ( 1854) from France, 
and is probably referable to the present species. 

IJ in oca hi pus crKcinelltc Hchrnwk, — The parasitism of this species 
was observed by Audouin in 1839 (see Westwood, 1840, p. 142), 
and its habits have attracted the attention of many entomologies ts 
since, it is referred to by these writeis under a variety of 
names such as (*entisl€s americana^ JJhiocampus ainericana^ 
1). terininatuB, Peril itus avierica^ta^ and EuphoriiB scidpiis. Its 
synonymy is <lisoussed by Cushman (1922), who stittes that the 
insect was first described by Schrank in 1802 as [chnetimon coc- 
cineUai. Observations have been made on the life- history of this 
species by liatzeburg (1852) in Germany, and by Glover (1877), 
Riley (1888), Weed and Hart (1889), Hopkins (1890), Cushman 
(1913), and Tiinl)erlake (1916) in America, and a very interesting 
paper has been published recently by Balduf (1926). This writer 
mentions that this insect 1ms l>een 1 ‘ecorded also from New 
Zealand. Its occurrence in the Hawaiian Islands is mentioned 
by Timberlake (1917), and TulJgven (1916) gives some observa- 
tions reganling its life-history in Sweden. Oglohiii (1913) deals 
at some length with the bionomics of this insect in Russia. 
Dinocampus coccindltf is a parasite of ladybirds (Coccinellid®), 
and has been recor<led from a number of species. It is always a 
pai-asite of the perfect insect, but Cushman observed the female 
attempting ovi{>osition in larvee as well as in adults of Megilln^ 
mcictdata. Only one larva is recorded as developing to maturity 
in each host, Oviposition is effected principally in the apex of 
the abdomen of tlie beetle. Three larval instars were distin- 
guishes! by Balduf. The larva when full-grown emerges from 
the dorsal sui-face of the abdomen from the suttire between the 
5th and 6th segment. It then spins its cocoon beneath the 
body of its host on the surface on which the beetle is resting. 
The latter appears to remain in a quiescent condition astride the 
oocoou. According to Balduf, the ladybird usually dies about a 
week after the emei^ence of the larva. Timberlake (1916) gives 
a very interesting account of the recovery of the host in certain 
eases after the parasite had emerged, and shows that the beetle 
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may even commence oviposition after an interval of 22 days. 
The same writer, moreover, succeeded in rearing two generations 
of D, americamts {cocci ttelUm) from the same individual host. 

Dinocampus s}). is recorded by Moore (1913-14) from ladybirds 
in South Africa. 

Dinocampus sp. — ShtcJierbakov (1916) notes that an unnamed 
species of Dinocampus is an internal ^mrasite of Apion in Kussia, 

Dcriliius cethiops Nees. — I have already recorded the rearing 
of this species from an adult Sitona hispidula F. (1922, p. 105). 
Only one specimen was obtained. The host was collected at 
Invershin, Sutherland, on 21at September, 1921. The cocoon of 
the paitisite was observed about a week later, and the imago 
emerged from it on 16th October. Tlie cocoon is of white silk 
faintly tinged with pink, and was formed amongst the sterilized 
moss which had been placed in the receptacle in which the 
beetles were kept. 8peyer (1925) records this species as obtained 
by Kaufmann from Phylloireta vittula, 

Pemlitus Wesm. — This species was reared by Kaufmann 

(1923) in Germany, but its identity was not established till after 
the publication ot his papei-. It was then recorded by Siiever 
(1925) as an imaginal parasite of Phylloireta atra^ P, iindulata^ 
and P. vittula. 

Perilitus brevicollis Haliday. — This species is of economic 
importance in that it attacks tlie larvie and adults of Haltica 
am^mlophaga Guer., the well-known pest of vines. Its paiasitisni 
WHS fii'st described in 1891 by Kunckel d’llerculais and Langlois 
from Algeria. These authors consider that tliere are two geneia- 
tions of the parasite in one year, one occurring during June and 
July in the larva of the host, and giving rise to parthenogenetic 
females ; the other aiitumiml in the Ixxly of the adult beetles, 
hibernating in them, and producing both sexes in the spring of 
the following year. One larva only develops in each host larva, 
emerging when full grown from the anal extremity, rarely from 
other regions of the body. The oviposition of this species in 
larva and adult is brieHy described ; ivhen attacking the beetle 
the ovipositor is inserted between the segments of the abdomen. 
Tiie perfect insect is <lesciibed at some length, but very little 
information is given in regard to the structure of the last instar 
larva, and the earlier instars are not mentioned. The pniportion 
of parasitism amongst the host larvee vaiied from 50 to 80 per 
cent. In later years no f mother papers appear to have been 
published on the life-history of this species. Very brief reference 
is made to it by Picard (1913) in Algeria and Feytaud (1917) in 
France. Picard considers P. brevicollis to be one of the most 
useful parasites of Haltica. 

Perilitus cerealium Hal, — The breeding of this species from an 
adult oi Sitona sulcifrms was recorded by the writer in 1922, 
This Bra con id has since been reared from 8. fimescms and 

hispidula, and the specimens have been identided by Mr. G. T. 
Lyle, Some data have been obtained regarding the Hfe-history 



OF DINOCAMPUM (PEttILlTUS) RUTILUS. 601 

of this insect. Tlie winter is passed in the ])ody of the host, 
probably as a first iiistsr larva. When fall grown the parasite 
larva emerges from the beetle by rupturing tin*, membrane around 
the anal aperture, and it Kometimes spins its cocoon near the 
dead body of t.be host. The cocoons are slightly different in 
appearance from tljose of JJinocampns rutilttSy being more oval 
in shape and less parallel-sifled. T'licn'r surface is less smooth 
than that of M rutUns^ owing to the presence of many loosely- 
woven strands of silk. The colour also serv’^es to difierentiate 
tlie cocoon of this species, since, insteail of being pure white ns in 
/>. rrttilus, it is \ ellowish-whit€* or pale stra\\ -colour. The larvae 
of the hiiiernating generation leave the host in April or May, 
and the imagines emerge in May or the beginning of June. A 
specimen of a summer generation was reared in the end of 
August. The imago emerges from the cocoon by an irregular 
opening at one end. In all, se%^en specimens were reared, all 
females. Two were placed with adult jSiiona lineata, and these 
Braconids were observed to attempt oviposition in these weevils 
in exactly the .same way as I), rutilas^ hut no evi<lence t>t success- 
ful parasitism was obtained from these experiments. 

/Vri7i<i4S Vier. -The records at present available show 

this species to a panisite of Tenebrionid beetles of the genera 
Elerulm and Emhaphion in America (TT,S.A.). It was de- 
scribed by Viereck in 19K1 from Eleod^s siUnmlis, and since 
then it has been bretl bv McCollocli (11)18 19) from Eleodes tri^ 
costata and E, opaca, and by Wado and Boving (1921) from 
Emhaphioft muricatnm., Swenk (1923) also records it from 
EUoiles opaca in Nebraska, apparently from both larvae and 
imagines. In every <»tber case it is descril>ed as a parasite of 
the adult beetle. McUollocb (1918) gives some particulars in 
i*egard to its parasitism of Eleodes tricofitata. He states that as 
many as 124 larva* have been obtained from cme beetle, but 
that the average number infesting each host is 50. The larvte 
ernerge<l from the anal slit of the i)eetle, and the latter <iied 12 
to 48 hours afterwar<ls. In one cnise a female beetle was observed 
to lay three eggs on the day that she yielded 124 Perilitm larvae. 
The cocoons were formed amongst the soil, which is webbed 
together. Actual oviposition was not observed, but McOolloch 
considers that it is effected in the abdominal .sutures and at the 
jiinctiou i>f the legs with the body. The female Bn*conids were 
observe<l clinging to the legs of the beetles and trying to gain hold 
of the ventral side of the abdomen. The efficiency of the parasite 
in the field was not definitely established, but from the available 
data McColloidi estimates the average parasitism as 5 or 7 {)er 
cent, 

Pmdliim epUricis Yiereck. — Little information is available in 
regard to the lifediistory of this species, and the few existing 
records show it to be a pattusile of adult flea-beetles in the United 
States, Cameron (1915) has reared! it from the Potato Flea- 
beetle, Epitrix mmimeria. He states that oviposition is effected 
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the intersegmental parts of the abdomen. The pai'asites 
merged from a hole usually found in the anal regions of the 
host beetle. The control effected bv this Bracouid was con- 
sidered negligible. Chittenden and Marsh (1920) record the 
rearing of this species from Phyllotreta pusilla and P, vitiata^ 
and the highest percentage of parasitism observed in the former 
host w’as 16 per cent. 

Perilitus gastrophysce Ashmead. — Ashmead described this 
species in 1888 from two specimens labelled as reared from 
Gmtrophysa cyanea from Washington, D.C. 

Perilitus leptopsi Viereck. — This species is recorded by Farrel 
(1919) as a parasite of the Apple-Iioot Borer Beetle, Leptops 
hopei (Ourculionid), in Australia, but no further particulai’s are 
given, 

Perilitus melanopus lluthe. — In 1921 Speyer directed attention 
to the occurrence of a Kymenopterous larva in a weevil of 
Ceuthon'hynchus quadridens Panz, in Germany, Tins species was 
identified later as Perilitus melanopus^ and in 1925 Speyer 
published further observations upon it. Oviposition is effected 
in the apex of the abdomen of the host. The pariisitized beetles 
in most cases continue to lay eggs, and only in advanced stages 
of parasitism does partial or complete castration octmr. The 
larva emerges from the anus of the host and spins a white silken 
cocoon. This Braconid was observed to oviposit in other species 
of Ceuthorrhynchus, eggs or larvae of the parasite being obtained 
fr<>m these beetles. Speyer does not consider that P, 7mlanopu8 
effects a substantial reduction in the number of 0 , quadridens. 
He gives a list in this paper of the Braconids which have been 
recorded as imaginal parasites of beetles. He includes in this list 
Perilitus ohfuscatus b,s a parasite of Orchesia micaiis^ but according 
to Elliot and Morley (1908, pp. 33 and 71) this record refers to 
Meteorus ohfuscaUis Nees. 

Perilitus omophli Lesne. — This species was desc.ribetl by Jjesne 
in 1892. He bred it from adult Omophlus ca^mleus. The beetles 
were placed in a box, and small white cocoons were found later 
in a corner of the box. The larvse remained near together to 
spin up, and the cocoons were arranged irregularly side by side. 
Both sexes of P. omophli were reared from these cocoons. The 
last instar larva is figured and described by Lesne. 

Perilitus sp, — Speyer (1925) lists an unnamed Perilit'us bred 
by Kaufmann from Psylliodes dirysooephala. The paj’asitism of 
this beetle, presumably by Perilitus sp., is discussed by Kaufmann. 
He states that the larvae leave the beetles in April and May and 
spin their cocoons. The host dies after the emergence of the 
parasite. The reproductive organs of the female beetle gradually 
degenerate during parasitism, but those of the male host still 
harbour ripe spermatozoa towards the end of parasitism. 

PeriliMiB sp, — A species of Perilitus was bred by the writer 
from Sitom crtnita from Sudbury, Suffolk (1922, p. 113), and 
submitted to Mr. Lyle for identification. He informed me that 



OF mHOCAMPUS (PBIllLlTUS) IIUTILIJS, 


603 


it belonged to the genus Perilitm^ but was probably an un- 
ci escribed species. 

Notes on Literature regarding Parasitism of other Ethpliorids. 

Some records exist of the parasitism of species belonging to 
other Euphorid geneni, and it is interesting to find that certain 
species are also parasites of adult beetles. Thus various species 
of the genus Cosniophorus have been reared from Scolytid 
beetles [Heitner & Ndtzl (1925), Ituschka (1925)], and Marshall 
mentions (A, 1887) that Euphorus pallidipes has been bred from 
Orchesia minor. That the parasitism of the Euphoridje is not, 
however, confined to Coleoptera is shown by Menzel (1926) and 
Lean (1926), who liave reared species oi Euphorus from the 
Capsid Helopeltis, 

Dinocampus (Pbrilitus) HuriLUS Nees. 

Outline of Life-history. 

Since only a portion of the life-history is dealt with in the 
present section of this paper, it will be advisable to give here a 
brief account of the bionomics of this insect. Both sexes of the 
Braconid are espial ly common. The female eifects oviposition in 
the apical region of the abdomen of the beetle. The egg 
incresises greatly in size after ovi^)osition. The larva, on ©merging 
from the egg, occurs free in the lx)dy -cavity of the beetle. Only 
one larva attains maturity in each host. A sure indication of 
parasitism is afibi'ded by the large numbers of opaque white 
globules which are alway.s present in the body-aivity of a beetle 
containing a parasitic larva. These globules have frequently been 
mistaken for disorganised fat-body of the host. They are, in 
reality, the dissociated cells of the embryonic membrane of the egg 
of the panisite. They become of large size, absoj bing fatty matter 
from the body -fluid of the host, and they constitute tho principal 
food of the larva in its later stages. Five larval iustars have 
been observed. When full grown the larva emerges from the 
host by rupturing the membrane around the anal aperture. It 
then forms a compact white silken cocoon, which it covers over 
with particles of soil. Before moulting into the pupal state, the 
larva expels the waste food-matter accumulated during its 
parasitic life. This excrement is enclosed in a long membranous 
sac which previously lined the raid-intestine, forming a sort of 
peritrophic membrane. The weevil dies soon after the emer- 
gence of the larva. The reproductive organs of the female beetle 
are rendered fimctionless by parasitism, but the testes of the 
male may contain living spermatozoa after the parasite has 
emerged. There are from two to three generations of the 
Braconid in the year. During the summer the development 
from egg to fully-grown larva ocoupieB a month, in the autumn 
and winter it may take as long as eight months. The time spent 
in the cocoon varies from three weeks to over a month. 
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Methods of Bearing. 

The cocoons of the parasites were obtained from adult Sitona 
lineaia which were collected from the field throughout the year 
and kept in captivdty until the pamsite larvae emerged from 
them. As the percentage of weevils parasitized was raixsly high, 
large numbers of beetles had to be collected, and various methods 
of hou ing them were tried. The most satisfactory results were 
obtained by using flower-pots about eight inches in diameter. 
E«ch pot was lined with dark cloth, the edges of which were 
securely fastened round the rim of the pot with string. Bottles 
of water containing clover or bean-shoots for feeding the weevils 
were suspended into the pot in wire holders, the latter being 
supported by string round the rim of the pot. A muslin sleeve, 
high enough to cover the leaves, was then affixed to the pot and 
tied together at its free end with string. A very secure and 
convenient receptacle was thus obtained for housing the weevils. 
The food remained fresh for many days, and when it required 
renewing, the bottles could be lifted out of the wire-holders and 
replenished. The white cocoons of the Braconid were spun upon 
the dark cloth, and therefore easy to see. They were usually 
formed low down in the cloth bag, and the wire supports pre- 
vented the bottles from cruslung them. The cocoons were 
removed directly they were found by cutting out the cloth on 
which they were formed, thus avoiding injury. The holes thus 
made were patched, and the same receptacle was available for 
continued use. The pots were kept in an outside insectarv, and 
in winter it was found advisable to add dried moss (previously 
sterilized) to the pot to give the weevils more shelter. It was 
also necessary to wrap felt round the bottles to protect them 
from the frost. 

Each cocoon was placed in a separate receptacle, so that the 
resultant imagines could be used for bisexual or parthenogenetic 
reproduction as desired. The cocoons were kept in small glass 
tubes open at both ends, the open ends being covered with 
muslin held in place by elastic bands. These tubes were inserted 
in holes in a wooden framework, the lower ends of the tubes 
resting on a sheet of perforated zinc attached to the woodwork. 
This framework was placed over a large tin containing damp 
moss, and the cocoons were thus kept in a slightly moist atmo- 
sphere without being in contact with the wet moss. 

On emergence from the cocoons the female Braconids were 
placed with adult Sitona lineata in which to oviposit. The 
weevils used for this purpose had to be bred in captivity, as 
specimens collected in the field were liable to be already para- 
sitized by this or by other species of Braconids. The larv» of 
Sitona limata feed on the root nodules of peas and beans, and 
the breeding of these weevils in sufficient numbers baa constituted 
one of the principal difficulties of the research. There is only 
one generation of SiUmd lineata in the year ; therefore^ if sufflctent 
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bred speeinH3iiH were not obtained one season, all the work of 
rearing parasites and beetles had to l)e started afresh next year. 
Moreover, it soiuetiines happened tlnit in rearing these beetles in 
captivity their development was delayed, and the parasites would 
emerge from their cocoons and die before the beetles were ready 
for them. J'he rearing of parasites and beetles was carried out 
in Iloss-shire ; but i iVeipiently obtained supplies of parasitized 
beetles from Englanrl, ami in this case especially the emergence 
of parasite and lio.st often failed to coincide, as in the north 
of Hcotlarid the weevils emerge about a month later than in 
England, ami tlie Braconids reared from English weevils emerged, 
in consHpience, about a month too soon 

Fortunately it was possible, when sufficient bred weevils were 
not available, to use for rearing the parasite specimens of 
aS. which had lieeti collected in the field six motiths pre- 
viously, since after that lapse of time only the iin parasitized 
indi\idua]s wouhl be left alive; hut the drawback to this metho<l 
was that the weevils leared were already old, and often died 
before the parasite had coiufilettHl its development. 

Even when tlie female Dntocawptts and the bred weevil were 
placed together, successful {airasithsm was not ensured, for the 
Braconid often failed to effect ovipo.sition in the weevil, and one 
would keej) and feed such a weevil for weeks or months, only to 
find on the day of dissection t hat it had nevei* been parasitized. 
The bred weevils were placed with the Braconid for a day or 
longer, according to whetlier or not the female Dinoccmpus 
showed active tendency towards oviposition. As soon as one 
had reason to hope that an egg had been deposited safely, the 
weevil was rcunoved and another victim was offertsi to the pai^a* 
sit**. The beetles whi<*h had been with the Braconids at different 
times were kept separately, so that w lien tliey weie disswted the 
exact age of the egg or lar\ie could be ascertained. The lieetles 
were dissected at various interv.als after oviposition, and by this 
means all stages of tlie jiarasite were eventually obtained. 


Distribution. 

According to Mai'shall (B, IftiU ) this species occurs in Germany,. 
Belgium, Holland, ami England, and probably in all Euroj>e. 
Sz(3pligeti (1904) gives as its distribution ** Eiu*opa fere tota.*’ 
In his British Braoonidjo, Marshall (1887) states that this sf)ecies 
is rather common throughout the country. It is probably widely 
distributed in all parts of the British Isles. I have obtained it 
from the following localities: — Alness and Evanton, Iloss-shire; 
Beauly, Inverness-shire ; Hull ; Cambridge (from Mr. J. Balfour- 
Browne); Sudbury, Suffolk (the weevils were sent me by Mr. 
B, a. Harwood) ; Hasiemere, Surrey ; Wye, Kent; Long Ashton^ 
Bristol (weevils from Mr. Miles). 

Pnoc. Zoon. Soc. — 1028, No. XL. • 40 
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Observations on Imag^o. 

A description of the male and female of this species is given 
by^Marshall (1887, pt. ii. pp. 73-74). 

Variation in Size and Coloration, 

The difference in colour between the two sexes is strongly 
marked, tlie male being much darker than tlie female. Varia- 
tion has been observed in the coloration of both sexes. Borne 
males are darker than others, and a few females taken at Cam- 
bridge were unusually brightly coloured. Hase (1922) lias 
observed great variation in the coloration of the imagines of 
Hahrobracon brevicornisy and he has found that, by rearing this 
species in liigh temperatures, only lighter-coloured individuals 
were produced and the formation of black pigment appeared to 
be prevented. In JHnocarnpus ratilm the si7.e is also very vari- 
able. Measurements have been made of 34 set specimens across 
the fore wings from the tip of one to the tip of the other. In the 
females, measurements thus obtained varied in different sjiecimens 
from 3*93 to 6*64 mm., and in the males fiom 3*99 to 5*93 mm. 
Similar variation in size has been noted by Hase in IIabrohra€;on, 
and be finds that the small forms are produced through lack of 
sufficient (iuantity of food. 'I'hus, when many larvao are present 
in one host, those emerging last do not get sufficient food, and 
give rise to dwarf imagines. In Sitonay where only one larva 
■can attain maturity in each host, this form of starvation cannot 
operate, but it is possible that the size of the Bmconid rnny be 
influenced by the size and age of the host. 

Ft'oportion of Sexes. 

In rearing IHnocampus rutUm from beetles collecte<l in the 
field, it has been found that lioth sexes are equally common. 
Records have been kept of the sex of nearly 200 ir.iHgines reare<i ; 
07 were males and 94 females. 

Parthe'nogenesis. 

Unmated females of this species exhibit just as much activity 
in regard to oviposition as do mated females. The eggs laid by 
unmated females are fertile, and numerous weevils have been 
dissected w hich contained eggs orlarv» of virgin females. Owing 
to scarcity of material, many partheuogenetic specimens have had 
to be sacrificed for study of larval stages, and only 19 have been 
reared to the pupal or imaginal condition. All these have been 
males. These results are in striking contrast with those of Oglobin 
<191 3), who has found that in IHnommpus tennintidm {ctHseindlm^ 
parthogenetic reproduction produces females, and in the eouiae 
of two years’ observations he has not met with any males, though 
he states that they are known to the systematii^ His results 
are confirmed by J^duf (1926), who has obtained no fewer than 



OF DINOCAMPUS (PBEIMTUS) UUTILUS* 


607 


•60 imagines of this species, all females, and has in four 
instances reared females from beetles in which unfertilized females 
had oviposited. Many species of Braconidte are known to l>e 
•capable of arrhenotoky, and records of thelyotoky are less common. 
In Pjfgoatolaa Jalcatm Nees, another parasite of SUoua^ L have 
myself reare<l tliree generations thelj'otokously, 1 have never seen 
a male, though these are known to occur. In Lysiphlehoua tritici^ 
Hunter states that both males and females have been obtained 
by pai'thenogenetic reproduction, hut that the male offspring 
predominate. Under natural conditions Hunter states that the 
females of this species are very much more abundant than the 
males, the ratio of males to females being 34 to 65. WeVister’s 
(1909) remarks on the parthogenesis of this species are very 
interesting. He states that experimental breeding has shown 
that a limited numlwr of females could be bred parthenogeneti- 
cally for three generations, but beyoml that all the offspring were 
males. In I/abrohnicon hrevicornia^ Genieys (1925) states that 
unfertilized females produce only innles, hut Hase (1922) in one 
inst4Uire reared male and female offspring from an unmated 
female. The fertilized females of this species pi'oduced both 
males and females, and tliey fre(|uently laid also sterile eggs. 
(Teuieys fnids that the se.vualit}^ of the laying chaijges as soon as 
a female is fertilized, and if the female is mated to a feeble or 
exhausted male both sexes are at first produced, hut latterly only 
males. 

With Dinocampua ratihea I have been unsuccessful in rearing 
to the adult stage the progeny of females wliose mating 1 have 
witnessed. Since, however, both sexes are ecjually abundant 
under natuivil conditions, it is probable that mated females pro- 
duce males ns well as females. This is known to be tlie case with 
many Braconuls capable of arrhenotokous reproduction, though 
ill some species tlie fertilized females gave more female than male 
•offspring (Williard, 1920 ; Pennington, 1916). 8hevirev (1913, A) 
lielieves that the mated females of species of PimpUi are able to 
regulate the sex of their offspring, and that female eggs are 
principally <le posited in large host pupie aiul male eggs in small 
pupa?. He fjuils that when large pupa? are offered, males can be 
quite excluded fixmi the descendents of a given female^and when 
only small pupe were supplied the percentage of males reai*ed 
was greater than that of the females. In another paper (1 913, B), 
however, the same writer (his name is here spelt Chewyreuv) 
refers to instances in wliich the female Pimpla have not maiii- 
ffisted this supposed faculty of regulating the sex of their 
offspring, but he considers such causes exceptional. It is usually 
believed that the mated females of Braconids lay fertilized and 
unfertilized eggs, the former (diploid %) giving rise to females and 
the latter (haploid ?) developing into males. It has, however, 
been shown that in the genus tHnocamptia parthenogenesis in 
one species produces females and in another s|)ecies males» 
4ind until the cytology ef these insects has been thoroughly 

40 ^ 
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investigft-ted, no conclusions caw be drawn in rcgnrd to tlie 
method by whicli the sex of these Hraconids is determined ** 

Habits of Imagines. 

Feeding , — The imagines have been observed to feed upon the 
sticky substance occniTing on tl)e nectai'-secreting disk of llowers 
of umbelliferous ]>lanis such as ^Egopodinm. On reaching tlie 
flowers the imagines hjivt^ been observetl to draw their mouths 
backwards and forwards on the nectar-secreting disk, and to 
move their palpi vigorously. They also appear to drink water 
from moist surtaces. 

Movements , — Ibith sexes are active in tludr umvements, walk- 
ing rapidly and flying readily. When walking the wing^s lie 
folded along the back, but the male raises the wings when 
sexually stimulated. Both sexes sf>end jnuob time in cleaning 
tliemselves, dra,v\ing tlieir hind leg^ tiown over tlieir abdomen 
and along tlieir wings, ch‘aning their antenme with their front 
legs and rubbing one leg with the other. 

Longevity . — Various methods have been tried of keeping the 
imagines alive, but they ap{)ear to be siiort-lived. I’bey have 
been kept out of <loors in glass turnblcis coven^d with muslin, and 
have been supplied with n(‘ctar secreting flowers and Some- 
times with honey ililuted with water. VV ^'t cotton-wool was placed 
in the foot of the tumbler to provide moist me, hnt as the inst‘i'ts 
were apt to drowui themselves in this, wet sand was substituted. 
The female Braconids were also provided with weevils of Sitona 
lineata to oviposit in. Despite sucli treatment, the fivemge 
length of life for both sext^ was aliout a fortnight, imt many tlied 
much earlier. A few specimens, however, survived for ov er t hiee 
or four weeks, and one female which reached the ago of days 
was observed to pursue weevils with intent to oviposit n[> to the 
day of her death. These observations were made upon specimens 
which emerged in August, Specimens which emerged in October 
and were kept indoors to protect them from frost rarely liv^eil 
over a fortnight. Some of the imagines reared were mated, but 
others were not. The r€»(''ords are iu>t sufficiently numerous to 
show whether mating affeets longevity, but it Imppened that the 
longest-lived males and females were unmateil onest. Alw>ut 24 

^ Since writing the above, the interest ing patwr l)y Muifsebeck nnd Dolmnian on 
the pHraeiteii of Apantele* melano^celtnn (l^.S. Dept, Hull. no. 14H7, 

pp. 1-36, Washington, 11127) has <join« to iiiy notice. 1’hese writers have also 
observed that different species of a genus may ditfor with regard to the sex of the 
progeny resulting from parthenogeiietic reiircMluction, and they reconl instsnees of 
one species producing males and another females in the genera Plmro^ 

tropis, and Anattatus. They state that in the thelyot<ikous sf^eeies, 
ienelfuSt several pare lines of females have been obtained through 12 gruierationst 
and Orlov (Defense des Plantes, i. nos. 3-6, pp. 116-124, 1024) has bred partheno- 
genetically 22 generations of JffsmiUhe arwior^ rearing thereby 1288 female! but 
no males. 

t Prof. F. Balfour Browne, in hts paper **On the Life-histenr of 
acasta Walker; a Cbalcid parasite of Bees and Wasps,'* Farasitotogy, xiv. 1022, 

388, shows that the length of life of the female is enormously iiummsod if mating 
18 prevented. 
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hours before the Hracoiiids died their anteunte began to droop, 
iind were trailed behind or benenth them wiieii they walke<b 
When this happened the females evinced no fui ther interest in 
the weevils, and d(*ath invariably followed. 

Jn view of the success obtaine<l by other writers ( Doton (1911), 
Jlase (192:!), Willard (192u). Baifour-Hrovvne, F. (1922)) in 
keeping 11 yinenopterouft parasites alive for several months, the 
results iu^re record<*d are ihsappointujg, but it is interesting to 
fhni tliat tlglobin (191.*)), working at Dlnocamp^^H terminatne {rue- 
.Ntate^ tliat. tile adult-^ live«i about 20 da y s in captivity ; 
so pi‘rliaps abi>nt 1 lirei* weeks is the noi’inai lib* of the adult J)in(h- 
cu)/fpu-f^\ ItiMuf (1926) found that tln^ imagines of />. coccinrlhe 
]i\ fd only 4 or 5 ilays under <‘age conditions, but 
one individual, kept, largely in the dark, surviveil for 18 days. 

CopuJutloti , — Mating lakes place readily in captivity. It i.s 
dillicuh. To know how laaaignilion by the male of the presence of 
the female is ellbcted. In som-* cas 's, on introducing a male into 
H tumbler (‘outaining a femah*, be will at' once siiow signs of 
sexual excitement, though lie may be some tlistance from the 
iemah‘. At otln*r times lie may be only a tpuirtcr or half an inch 
away from her, and \el take no apparent notice of her. When 
aware of lier presenct*, often as the result of an accidental 
encounter, tlie male usually [mrsucN her excitedly, raising Ids 
wings and moving hi.^ anteninc u]) and down, in such cases 
copulation is usualiv elTecled speedilv in the following manner : — 
The male bi ing.s the tip of liis abdomen forwards beneath bis 
tliorax until it reaches the genital oiitice of the fenmle, situated 
at the base of the ovipositor, 'the claspeis aie lirmly piv'^sed 
into slight depressions tn the female’s abtlotneu at either side 
t)f the genital opening, and coition is .accompiishetl. The male 
then lifts his liisl and second ]>air of le^gs from the surface on 
which In* is standing, ami. swinging backward’-, turns his body 
completely round, so that ins umlei- surface is in line xvitli the 
dorsal surface of tl»e female. In this inverted jvositiim he 
remains attached to the female, his fore and middle pair of legs 
in the air, .and Iiih weight .slightly ujdield by his liind pair of 
legs, which retain their original ludd. The male remains in this 
positum ev«*n when coptdation takes place on the undersurface 
of a horizontal suppori. In this case the male hangs head ilowm- 
w’ards, his wings still nn'sed and the hind pair of leg# resting 
behimi and aliove liim on the surface on which the female is 
standing. ()nly once has a male been observed tn bold the 
alHlomen of the female between bis fore legs liefore copulating. 
Both insects remain, as a rule, motionless during coition, and if 
the female moves away the male is dragge*! behind. Copulation 
laRt^s from 10 to 90 seconds, and the male then removes himself, 
regains his normal position, and walks away with wings still 
raised. 

J have been unable to discover whether the females may be 
inatred more than once. A newly «mated female is still attractive 
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to males, which pur^ie lier in the usual fashion. The mated 
female, however, has frequently been observed to turn round and 
face the male, and even to pursue him in exactly the same 
manner in which she follows a weevil with intention to oviposit. 
Thus, in one instance, a male was following a newly-mated 
female and touching her with his antennae, which he moved up 
and down with jerky beats. The female immediately turned and 
faced him, retreating l>ef ore liim with antenme outspread, exactly 
accoi’ding to the method she adopts when avoiding the approach 
of a weevil. Thus, walking Imokward and keeping just out of 
rejmh, she finally got rid of her pui*suer. Females which have been 
mated for some little time appear to be less attractive to males. 
Thus a female mated four days previously was placed with an 
unmated male which jmid no attention to her, f hough he en- 
countered her repeatedly. I'he next day two more males w^ere 
introduced with the same result, and the fennde was observed 
to pursue one as though it were a weevil. An unniated female 
was then substituted, and tlje attitude of the male entirely 
changed. Whenever he met her he raised his wings and com- 
menced pursuing her, his wings fiuttoring and his antennsc 
waving, and, within six minutes of her arrival, ho efiected copu- 
lation. Immediately after this she w’as pursued by other males, 
including one of the indivhhials which had evinced no interest 
in the previous female. She, however, ailopted tho defensive (?) 
tactics described above, and a second copulation was not effectetl. 
Occasionally it happens that a female mated some days i>reviously 
will arouse interest in one male but be unattractive to others. 
Thus a newly-emerged male was seen to pursue a female mated 
a week before, but the same female was entirely ignored by tw^o 
other males which had been following a freshly -mn.te<l female. 

A male that has once mated may, within a few hours, exhibit 
renewed interest in the same or another female, and it is pro- 
bable that the male of Dhiocampua rtitUus is cajmble of several 
copulations, though so far the same male has only been observed 
to copulate twice. Old males which liave l>een kept apart from 
females exhibit sexual activity when placed with females, and, in 
one cAne, such a male, while pursuing a female, encountered 
another male and attempted to copulate with it. 

The males exhibit sexual activity the day they emerge, and 
the female may Ije fertilized dii'ectly she leaves the cocoon. A 
male was not observed to tiike any interest in a cocoon which 
contained a female in the act of emerging, Init directly she was 
out he commenced to pursue her, and effected copulation twelve 
minutes later, before the female liad succeeded in freeing her 
wings from her abdomen. 

The attitude assumed by the male of Dhwemnpm rutilm 
during copulation appears to be rather different from that de- 
scribed in other Braconids, in which the male mounts the female 
or rests his fore legs upon her. In Comiophorm AsnedWK, how- 
ever, the copulatory attitude of the male would appear from 
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Seitner and Notzl^s account (1925) to be very aiiniiar to that of 
IJinocampus rutilus, Lichtenstein and Picard (1918) state that 
the females of ^^ycosotor lavayueA do not appear to attract malea 
after the lirst copulation, and Genieys (1925) has observed that 
the female of Uahrohracon hrevicm'iiis^ when once fertilized ^ 
forcibly repels the a^lvances of otlier males. Shevirev, (A, 1913) 
has found that the females of «j>ecies of Pimpla are only once 
feiiundated, and refuse afterwards to copulate wdth other males* 
He applies tlie term “uninuptje” to sucli species and “multi- 
nuptm ■’ to those species, such as Theronia^ iti which the females 
are fecundated repeatedly by many males. 

OvipOHitioa, — The female Braconid is ready to commence 
ovipositiori the day she emerges from the coc(x>n. Her task is 
not an easy one, as the weevil is so well protejcted hy its hard 
chitinoiis integument ; hut a vulnerable region occurs at the aj>ex 
of the abdomen between the tergite aiid sternite of the last 
abdominal segment, and it is here that oviposition is eilected. 
Tlie Braconiil only jippears to he aware of the presence of a weevil 
when quite close to it. 8he then stations herself immediately 
behind it and commences to follow it assiduously, advancing as 
the w’^eevil advances and remaining motionless when the weevil 
stops. In pursuing the weevil the Braconid frequently moves her 
anteuine up and down, but, when waiting behind it, her antennae 
are extended motionless on each side of lier head and directed 
slightly forward. If the weevil turns round and commences to 
^valk in the opposite direction the Braconid is in danger of being 
trampled ujion, but she quickly retreats backwards, facing the 
weevil, and then, stepping to the side, takes up her ^x>sition once 
more l>ehind her iiitendeii victim. The pursuit may continue in 
this fashion for some time without any aUem[)t being made to ovi- 
posit, hot sooner or later, usually while the weevil is moving, the 
Braconid may be seen to raise herself suddenly on her liind 
legs and to bend her abdomen beneath her so that the dark valves 
of the ovijiositor pniject well in front of her head. The orange- 
colouiHjd o^'ipositor is then protrmled through the valves, and 
directed with lightning-like rapi<lity at the apex of the abdomen 
of tlie weevil. When the weevil is moving, the Bi-aconid effects 
ovi[K>»itiou while pursuing it, darting forward at the moment she 
strikes. If the thrust is well aimed, the ovipositor is plunged into 
the b<xly of the weevil, apparently through or at the side of the 
anal opening. It is held tliere for an instant and then quickly 
withdrawn. 1 have once seen the ovi|K)sitor directed towards 
the junction of the 6th and 7th sternite, but do not know if 
oviposition was then achieved. If the Braconid strikes success- 
fully* the weevil may be seen to start and walk rapidly as though 
disturbed ; but very often the attempt at oviposition fails, and the 
ovipositor, missing its mark, glances off the hard Sclerites of the 
beetle* At ot)>er times the weevil may be walking so quickly that 
it keeps justout of reach of the ovipositor. In such cases the para- 
site osnally continues her pursuit, and may keep her abdomen 
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for a little time bent beneath her ready to strike. A most 
favourable opportunity for oviposition is afforded when the weevil 
voiils excrement. Just before the excrement is ejected the weevil 
extends the tip of hei- abdomen beyoml the elytra. The Biaconid 
instantly ^rets into position to strike, and as the waste matter is 
extruded darts her ovipositor into the anus. Another otvasion on 
wdnoh the weevil is liable to attack is when it is about to fly. The 
elytra may be raised sliglitly several times befoie flying, and the 
membranous tergites of the abdomen are thus momentarily 
exposed. 'J’he pirasite, still stationed behind the weevil, ^trikes 
just as the el>tra begin to be raised and before they are lifted in 
the air. The ovipositor is directed to the membranous abdominal 
tergite in front of the pygidium (the propygidium). The 
Hraeonid has to be exceedingly quick in her movements to keep 
out of the way of the wings of the beetle, which may be spread 
with great rapidity and, if lowered, project on each side of the 
parasite. 

The Hraeonid attempts ovipo.sition at all times of the day, and 
has even been seen waiting behind a weevil at dusk. The 
presence or absence of sunlight does not appear to aflect her 
activities. She continues to follow weevils intermittently 
throughout her life, and two females, which lived respectively 
for 26 and Hi <lays, w^ere seen pursuing the beetles a few bonis 
before their death. The parasite may make repeated attempts 
to oviposit in the same weevil, and, in cv>nse(juence, many eggs 
may be laid in the body of the victim, though, as will he shown 
later, only one is destined to survive. Huperparasitism occurs 
frequently in captivity if too few weevils he placed with the 
parasites, l^etles collecte<l in the field rarely contain move than 
one egg or larva, though four larvie and one egg have been dis- 
sected fj'oui one such individual. My observations <lo not 
indicate tliat the. Hraeonid is capable of disciiminating between 
parasitized ami unparasitized beetles, hut rather that she is ready 
to ovij)osit in wdmtever indivifliial of Sitova lwm(a she chances 
to encounter, and eggs may be laid in beetles which already 
-contain a welbgi'own parasite Ian a. 

The oviposition of other st>ec*ies of the genera, JJifiocmvpag and 
FeriJiins has been dc'.cidied hy various writers, and would appear 
to be similar to that of I), rtUilns, The most favoured region 
for attack is the apex of the abdomen, though att>empts may be 
made to oviposit in other parts. Baldiil’s (1926) account of the 
oviposition of J)imcam>pu% cftccinelkn is very interesting The 
Bra-conid finds the conditions for oviposition most suitable when 
the ladybird is moving, as the beetle then cames the alidomen 
raised up in an attitude favourable to attack, and, if theparaaite 
fiiuls the intemled victim motionless, it will strike it with its 
antennie, head, or legs to rouse it into running. 

In the allied genua Menael ( ) 926) finds that the 

female of EnpK<mi% hdopeUidi$^B.\mxtih\i^ 0 t the Caspid, HdfOpdtiM 
<intonii, oviposits by springing tijon its victim, bending the 
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abdomen downwanis ami forwards, and plunging the ovipositor 
into the alxlomen of the bug. This Jlnwonid was observed to 
select the very youngest IJelopdtis stages and to avoid the older 
ones arnl those that were already parasitized, but, as Menzel 
points out, this discrimination between parasitized and unpara- 
sitized s(>ccimens is nioi e possible with the thin-skinned llelopeMis 
than wjth beetles. 

In a.notliei' Eupborid, CoHinophoruti heuscJieU^ a j ai*asite of tlie 
bee^^le PiU/oph thorns heuneheli^ the oviposition as desciibed by 
Seitner ami N(itzl (lh2r>) is entirely diUeient from that of 
Jjinocufifpus ndiltttf, 'I'he Hraconid emleavours to seize the beetle 
with Iter mamlibles anti lu ing it iiito the right place. Finally, 
when slie has brought the beetle face to face with her, she grasps 
it hehind tlie thorax with her mamlihles ami presses it to the 
ground, tliereby ivndeung it tieftoicelcss. The ovipositor is then 
unsheathed and diiven under or at the side of the head of the 
beetle, jirobably into the mesothorax. 


The Egg. 

Ovarutn Eyy . — The ovaries of several females of Di$io- 
vampm rut Has Imve been examined, and it iias been found that 
the ovarioles vaiy in number and aie sehloni ot the same number 
ill each ovaiy. Sjacimens have been found in which the 
numbcis of ovarioles were as follows: — 7 and 8, 7 and 5, 
7 and 6, and 6 and (b I be ovaries are well dev eloped in the newly- 
emerged female. Fifty-four fully-develope<l ova and eighteen 
immature ova were found in the ovaries ol a feimde which was 
iiiMsected a few hours after emergence from tl.e cocoon. In a six 
davs'old female winch liad laid no eggs, 74 fully-developed ova 
were counted and immatuie ova were also present. The fully- 
developeil ovh aie to be found in tlie lowest part of the tube. 1 
WHS unable U) detect u follicle sheath round those Just leady to 
he laid, but the eggs situated a little liiglier up in the ovariole 
have a distinct Itillicle sheath (PL 11. lig. 2). Tlie germinal 
vesicle of such eggs is notvisihle in unsectioned specimens, hut is 
very ilistiuct in eggs of an earlier stage II. fig. 1). The egg, 
when ready to be laid (Tl. II. fig. 3), measures from ( 1 * 2111111 . long 
by 0*036 mm, broad to 0*24 mm. by (H)44 mm. One end tapeis to 
the long pedicel; the other end is bluntly rounde<l. Difiiculty 
wra« found in distinguisliing the micropyle, but it is perhaps 
represenletl by a minute mark, usually obliquely placed appearing 
like a break in the chorion and situated in the middle of 
the broad entl of the egg. This mark was observed in many 
ttf^eciniens. According to Tower (1915) tlie micropyle in tlie egg 
of Apantdes milUaHs Walsh is situate<l at this point. The 
chorion of tiie mature egg is very distinct and relatively thick, 
Strongly i*efringent particles of irregular shape mey be dis* 
tinguished amongst tlie faintly gt^nular protoplasmic contents of 
th^ «gg« ^ggs situated in the ovarioles, with their petiolate 
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end towards the oviduct and their broad end nearest the head o£ 
the insect. Although after oviposition, the egg increases greatly 
in size and loses its characteristic shape, the two poles can 
still be distinguished, as the petiole pei'sists. It was observed 
that the head of the embryo developed at the end furthest 
removed from the petiole, and this is in accordance with the law 
of orientation described by Hallez (1886). Grandori (1911) also 
states that the pedicellate pole of the egg of Apantdes glomeratuu 
corresponds to the posterior extremity of the future embryo. 
It is therefore surprising to dud that Balduf (1926) describes the 
petiolate end of the egg of Dinocmnpus cocdmlke as cephalic. 

It is well known that in certain ectopai-asitic Ichneumonida&, 
e.g,, Faniscus, the pedicel of the egg is threaded by the ovipositor 
through the skin of the host, and when the ovipositor is with- 
drawn the egg remains attached to the host by the pedicel. In 
such forms, however, the egg is not enck)8ed in the ovipositor 
during the act of oviposition, but is attached to it by the pedicel. 
Grandori has suggested that the pedicel of the egg of Apanteles 
serves to hook the egg to the viscera of the host, ami so pi^event 
it from being swept about and damaged by the circulating fluid 
of the host. In Dinocampus rntilus it is not easy to understand 
how the petiole could serve for the attachment of the egg, unless, 
during laying, tlie pointed end should happen to pierce the 
viscera of the host. Thus 8peyer (1925) has found on two 
occasions that the egg of Perilitus mekniojnts was hanging on to 
the reproductive organs of the host. It is probable that the 
petiolate structure of the egg serves principally to facilitate 
oviposition, as the naiTOw pointed end of the egg will pasa 
down the ovipositor and through the integument of tho 
beetle. 

The small size of the egg must undoubtedly be of advantage 
when oviposition has to be eflfect^ed in a quickly moving host, and, 
as Oglobin ( 1 9 1 3) points out, the smallness of the eggs of such 
endopaiasites is compensated for by their expansion after ovi- 
position. In the ectoparasite Mabrobracon lyi'eviconiUy Hiise* 
(1922) states that the egg is large, and that its size is in strikiitg 
contrast with that of Apanieles glomeratusj which is laid within 
the body of the host. 

The Egg after Ompoaition. — No research has been carried out 
on the embryology of IHnocmnpas rutiltia. Observations have 
been made on the general appeamnce of the egg from shoidJy 
after oviposition till the emergence of the larva. The eggs have 
been mounted fresh in normal salt solution, and the drawings’ 
have l>een made with the help of a camera lucida* The eggs 
studied have been produced by ^e autumn and not by tlie summer 
generation of the pai'asite. They have thus been laid at various 
dates in October, and their development has been much slower 
than is the case witli eggs laid during tlie summer* The egm 
occur in the abdominal cavity cf tlie beetle and the newly^laid 
eggs are bard to finil owing to their small aise. 13ie egg graduallf 
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undergoes a great increase in size, the chorion expanding and 
liquid substances being absorbed from the body-iiuid of the host. 
At first the hreadtli of tlie egg increases more than its length. 
Thus an egg dissected front a l>6etJe 43~4V) hours after oviposition 
was of tlie same length as the mature ovarian egg but 20 
broader, the greatest bread tli occurring in tli© middle, and the 
egg thenee tapering to the two extremities. Later tlie egg 
becomes larger and more evenly swollen throughout, with tlie 
exception of the pedicel, which remains always the same size. 
Balduf (1926) states tliat the j>edicel of Dinocamjma coccinellm 
becomes gmdually absorbed, and disappears wlien the egg has 
attained its full size, Jn />. rutilna I have, however, observed it 
to persist throughout. During the early stages of development 
spherical vessels of various sizes are present in large nuinl>ers 
within the egg. These globules are closely packed together, one 
alx)ve the other, and are very conspicuous in an egg eight days 
old (PI. li. 6g. 4). Tliey appear to fill tlie egg, excepting for a 
small area ixtund the periphery, which is occupied by a granuloid 
plasma containing many refractive particles. No cellular peri- 
pheral membrane was distinguishable in this egg. The chorion 
is conspicuous during the early sttiges of development, but as the 
egg increases in size it l>ecomes thinner and more attenuated. 
As development proceeds, the egg gra<lually assumes a more or 
leas oval slia|>e, and the embryo may be discerneil in the ceiitie 
(PI. 11. fig. 6). The jieripheial layei* of cells constituting the 
embryonic membrane is now very distinct and lies immediately 
lieneath the chorion. In a later stag© the embryo becomes more 
clearly defined, lying in a curved position, and its cephalic region 
is very distinct (PI. 11. lig. o). (This egg is actually younger 
than the egg (fig. 6), hut its development nevertheless ajipeai's to 
1)6 more advanced.) The embryo does not lie in contact with the 
embryonic inembinne, but is sepai*ated from it by a. clear space. 
If such an egg be removed to a slide and caiefully drieil it will 
retain its spliericvi) shape, but if the chorion be pricked the egg 
collapses immediately and a mass of finid exudes. The embryo 
must thus develop immerhcd in lirpiid^and it appears to maintain 
a central position in this fiuid-filled sphere. As development 
proceeds, the space l>eiween the embryo and the embryonic 
meuibratie diminihlies, as may be seen in PI. II. tig. 7. In this 
specimen the segmentation of the laidy is complete, but the head 
is not chitinized and the mouth-parts are not distinguishable. 
As growth continues, the larva comes more closely into contact 
with the embryonic membrane, and, ju.st before emergence is 
effected, this membi*ane has lieen found swatbe<l closely round 
the larva and separate^l from the chorion in jMtrt^s (PI. Hi. fig. 1). 
In its final stages the so-called egg appeals to superficial obser- 
vation merely as a first stage larva surrounded by a cellular sac^ 
and it is only by aireful exauiiimtion that the chorion may liedis- 
tingtiisbed as a thin transparent outer inembi’sne. The extent to 
.which the chorion may be stretched varies in difierent specimens^ 
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In t]je ei!!r tigured (PI. III. lig. 1) tlie larva lias extended the 
chorion to 0*85 nan. long hy 0-45 in in. broad. Home eggs in an 
earlier Kt4Mge have been found with the chorion even further 
distende<l. Jn tliesy cases the distension was not due to pressure 
by the einhiyo, n hich remained in the centre of the egg and was 
not in (‘ontnct witli the periphery One such egg measured 
without })edicel (1*88 inin. long hy () 72 inin. broad and another 
()*S) mm. hy 0 o2 mm. Hoth contaiiUHl emhryos in an early stage 
of development lilve tliat hgured in I'l, 11, fi;;. 5. Huch large 
<^ggs appear |M^rfectly normal, and were obtained from healthy 
liosts. It is dilhcult to understand how the expansion of the 
chorion at this stage is efteoted. It seems probable that it is 
brought about hy the growth of the cells of the embryonic 
membrane. The egg is immerseil in the ))odv-fluid of the liost, 
and it seems impossible that the extension of the chorion could 
be CMuseil meivly by ingress of tiuid into the already" fluid-filled 
area, round thet'mbrvo, but if a slight stretching of the chorion 
were occasioned by increase in tlie dimensions of the embryonic 
membrane, more fliiiil would enter accordingly. The increase in 
size of tlie egg during its development is tlius enormous. The 
ovarian egg, as already stated, nieasnres with pe«licel 0*2 mm. to 
0*24 mm. long hy 0*0.‘{(i uiin. to 0*044 mm. broad across the 
mhldle. The pedicel itself is ilifficult to measure, as it grades 
imperceptibly into tlie egg, hut it may be reckoned as from *07 
to *08 nirn, long, thus reducing the length of the t?gg to *12 to 
*17 mm. long. If these measurement.s be comparcMl with the 
largest tleveloped egg observed (0*0 mm. hy 0*52 nun.) it will he 
seen that the egg during dev^elopment attains 5 to 7 times 
its original length and alnait 12 to 14 times its width. A 
rough estimate has been made of the cubic contents of the egg 
at oviposition and uhen fully developed, and if the smallest 
ovarian egg he selected for comjjarison it is evident that the egg 
may increase its cubic cxmteut over twelve hundred times. This 
is probably a low estimate, as the ovarian egg tapers more at the 
'extremities than the inatuie egg, and no allowance has been made 
for this. Oglobin (1 OKI) also finds that the egg of JHnocampus 
terniinaiuH {coc'^inelke) thousand times. The increase 

in size of the egg after oviposition has been observed in numerous 
endoparasitic Hraconida% and is also known to occur in endo- 
parasitesof other Hymenopterous families; e.^.,iuthe Htephanidie, 
as observed by Wardle (1914) in }! ^jpmiUis x in the Chalcid 
Sviicra hy Henneguy (1892); in the Proctotrypoid Plat^ffoater 
hy Marchal (1906), and doubtless in many other families. 

Lmergefice of the Ldrva from the — Only in one instance 

has the act of eelosion been observed. Ati egg of Dinoeampu^ 
rutilus containing a fully-developed larva ha<1 lieen <lisaected out 
-of a weevil in a watch-glass under salt solution, and a sketch yv«s 
being made of it with the aid of the camera tucida (Plate III. 
fig. 1 ), The larva, which was still a]ive> ^*as lying in a widesenii* 
oiixjle, the head as usual at the cephalic pole of the egg and the 
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CftUlial ii[)pen(lage bent between its bo<ly and the wjill of the egg. 
The larva was completely swatheti in the embryonic membrane. 
While watching the specimen ill rough the in icK)sco{>6 the larva 
was seen to straighten out its abdomen gradually; then (|uite 
suddenly with a vigorous iiioveineiit, the posterior segments of 
the abdomen were stiaightened out, atul at tluj same time the head 
and anterior segments of tlie body were sliot foi vvards, bursting 
out of the chorion. Tlie embryonic membrane still surrounded 
the larva like a complete and close fitting skin, and the chorion 
was left clinging to the [losterior part of the body and drawn out 
into a point by the apex of the tail. The snbse(juent dissociation 
of the cells of the embiuonic membrane will be descriVjed later. 
Once freed from this membrane the larva would have no difficulty 
in tlu'owing off the cimiion. Hometimes a larva has been observed 
w’itb tlie chorion riipture<l in two or more placjes, and in 
PI. 111. tig. 2 H larva lias been figureil ui winch the iiead ami tail 
project at each end. It. must l>e remembered tliat at this stage 
the choviou is much aittuiuaietl, and prohaKly hut little effort on 
the pai t <»f the lawn is ivcjuired to break it. 

The emergence of the larva from the chorion by straightening 
the body has been observerl by Stricklaml ( lb2.‘0 in Metenruh 
(IwiidiainH n\u\ Dustnu (1921) in ^ !aiiipop(t\r p'tlusulns, wwd Muse 
beck (1918) considers that one of the functions of the caudal 
appendage in Mf^teorufi ceri<kolor is to aid the larva in getting out 
of the egg. 

The Embryonic Membrane. 

Before Emergence of the Larva , — Since the embryology of 
jyinocampm rniilua has not lieeii studied, the origin of the 
einiuyonic memhnuie has not been traced. It is conspicuous in 
eggs containing embryos of the stage figured <»n PI. 11. fig. 5, and 
forms a eontiimous membrane immediately beneath tlie chorion. 
It is made up of cells in which tlie nuclei are very distinct. In 
some specimens tbo cell -walls are more clearly visible than in 
others, and in Pi. IV. fig. 1 some cells have been drawn in situ 
with the camera luciiia fmin the egg figured in PI. 11. fig. 6. 
The cells are very varied in size and shape. Some are inoi^e or 
less round, but the majority are pentagonal or hexagonal. In the 
egg figured in PL 11. fig. 6, which was dissected from the host 
27 to ,‘]3 ihiys after ovijKXsition, cells of the following sizes were- 
common in the embryonic membrane: 48 p by 24^; 44 /i by 
40 ; 36 /X by 28 p, ; 36 p by 20 p : and 28 p by 24 p. The nuclei 
are slightly oval rather than spherical, and measure at this stage 
from 16 p to 17p. An uneven sprinkling of highly refractive 
particles which are often of irregular shape is always present in 
the cytoplasm of the cells. By examining living eggs mounted 
in salt solution with a high power, it may be seen that these 
refractive particles consist of minute spherical droplets varying 
from about 1 p to 3 p in diameter. When two of these droplets 
lie dose together they appear under lower magnification as a 
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refractory particle of irregular shape. These nnnute globules 
occur in all parts of the cell, either above or below the nucleus, 
and they are often present in groin)s near the cell boundaries. 
They arc not doubly refractive when examined with polarized 
light, and they stain readily with Sudan III, I have no doubt 
that these droplets consist of fat which the cells have absorbed 
from the body-fluid of the host. In a<ldition to these globules, 
numbers of much larger vesicles are usually greatly in evidence, 
when one examines the embryonic membrane of a living egg of 
this stage. The nature of these vesicles is very difficult to 
ascertain. Tliey vary gi-eatly in size and abundance in different 
specimens, and may measure from 8 fi to 28 fi in diameter. They 
are faintly pink in colour, and may be spherical, oval, or even 
somewhat irregular in shape. In some specimens they are so 
numerous that they entirely obscure the nuclei and cel I- walls. 
'Hince the chorion and the embryonic membmne are both so thin, 
tlie exact position of these vesicles is not easy to discover. In 
some specimens they appear to occur in a double layer, perhaps 
-above and below the embryonic membrane. In other specimens, 
by careful focussing, they are seen to lie eitiier on a level with 
the nuclei or slightly above or below them. They appear to be 
particularly abundant on the lower surface of the cells, but the 
fact that in some eggs tliey hide the cell- walls in surface view sug- 
gests that they occur also on the upper surface of this membrane 
and between it and the chorion. In some eggs they are to be 
found grouped in chains along the cell boundaries, and they are 
iihen usually of oval shape. In contrast to the small fat droplets 
alreaily described, they do not stain at all in 8udan III. They 
are not doubly refractive in polarized light. They remained intact 
when the egg was fixed with Rippart and Petit^s fluid. They did 
not stain with Methyl Green, but ab«orl>ed Eosin. They were not 
removed by treatment with 70 per cent, alcohol or warn water, 
but, after immersion of the egg in nearly l>oi]ing water, they mostly 
'<iisappeai*ed. Fixation with Fleinming-without-Acetic caused the 
'disappearance of all the vesicles which obscured the cell boundaries, 
but the sphericle vesicles, which appeared to occur within the 
cytoplasm of the cells, remained intact, though the fixative readily 
penetrated through the embryonic membrane to the embryo. 
When a portion of the membrane thus fixed was stained, 
dehydrated, and mounted, numbers of vaciiolea were observed in 
the cells, but some of the smaller ones would doubtless he formed 
by dissolution of the small fnt droplets. The possibility that 
these vesicles may be artifacts, produced by the action of the salt 
solution, cannot ^ ignored, but the fact that they vary so greatly 
in niiml>erand size in thediffemits|r>ecimeiis, though examined in 
the same medium, is tlifficuit to explain on this hypothesis. 
Moreover, the vesicles appear to be as prominent in eg^ newly 
dissected from the host as in those whiclt have been immmed 
*over an hour in salt solution. White it is impossible £rom the 
present data to arrive nt any definite oonchisions in regard to 
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the nature of these vesicles, it seems probable that they may 
represent dissolved nutritive matter derived from the Inwly-iluid of 
the host. If this fluid were of a more viscid nature than the rest 
of the liquid within the e^rg, it would not merge with it at once, 
And 80 would remain visible as oily droplets. All the nutritive 
material required by the embryo must pass throtigh the embryonic 
membrane. It may percolate principally through the boundaries 
of the cells, but it may perhaps also pass through the cyto- 
plasm of the cells. Fixation with Flemming would serve to wash 
away all such substances present on the upper or under surface of 
the embryonic membrane, but if any vesicles were present within 
the cells they would remain undisturbed. It is |K)ssible that the 
nutritive fluids absorbed from the lody-fluid of the host may 
undergo a further digestion in their passage through the eells of 
the embryonic membrane, and so imch the embryo in a condition 
more easy to assimilate. The embryo at this stage is undergoing 
rapid growth and development, and the nutritive nmtter is doubt- 
less assimilated direct by the growing tissues from the liquid 
medium in which the embryo is immersed. 

The cells of the embryonic membmne increase in size as the 
-embryo develops. In an egg containing an embryo at a later 
stage of development than that, of fig. 6 of PI. II., the cells of 
the embryonic membmne (PI. IV. fig. 3) measured 60^ to 68 
long by about 30 broad, and the nuclei were also larger (22 
instead of 16/4 to 17 p). Observations indicate that the cells 
attain nearly to tlieir full size before the larva is completely 
formed, for, when the larva is ready to emerge from the chorion 
(some 20 days later), the cells were fouml to be of about the same 
size, but the nuclei were larger, measuring from 28 /u by 24 /i to 
415/* by 27 p. ^ 

After the Kmeryiefice of the Larva , — When the larva ruptures 
the chorion to effect its emergence, it is usually more or less 
fiurrouiuled by the embryonic membi-ane. In some cases the 
larva doubtless breaks through the embryonic membmne in forcing 
its way out of the chorion ; and this appeals to have happened in 
the case of the larva flgut'ed on PI. III. fig. 2, where both chorion 
liud embryonic membmne are rent at each end of the egg and the 
head and tail of the larva project fx^ee. At other times the larva 
may be completely surrounded by the membmne after breaking 
the chorion, and, while its own xnovementg doubtless assist in 
freeing it, its libemtion is invariably ensumd by the dissociation 
of the cells of the embryonic membrane, which takes place at this 
time* In the larva figui'ed (PL III, fig. 2), the embtyonic 
tnembmne was found floating out behind it and was already com* 
mtncing to break up. If tbe membrane at this stage be mounted 
in salt solution and examined under the high power, every stage 
in the process of dissociation may be traced. Tlius it will be seen 
that in some places the menxbmne is intact, but in other places 
tbe cells composing it are commencing to dissociate. Such cells 
em assuming an oval instead of polygonal shape. They are still 
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ill contact with eti-ch other at the sides, but spaces may be observed 
between them in the corners originally filled by the angles of the* 
cells (PI, IV. fig. 4). Thus the cells soon become completely 
detached from each other, ami may be fonml free in the l)ody- 
cavity of the host. Sometimes small groups of cells become 
detacheii, but the individual cells separate later from each other. 
While still composing the embryonic membrane, these cells are 
transparent and fiattened tlorso-ventrally, and, when newly 
dissociated, they are oval in shape and somewhat flat. "J'hey 
soon, however, become completely spherical in form and of an 
opacjue white colour. The nuclei of the cells about to dissociate 
show an incre ewe^ ^ size, and in newly-separated cells measuring 
60 fi by 49 /x theRuclens was observed to measure 37 /x to 40 /x. 
It is still (listinctly visible by transmitted light appearing as a 
central zone of denser protoplasm. Jn the cytoplasm, numbers 
of small refractive particles occur, especially around the nucleus, 
but they are scarcer near the jwipliery. I'hese particles are 
undoubtedly homologous witli the minute fat droplets already 
described in the associated cells They stain j'eadily in Sudan 111. 
and are not <louhly refraetile in polarized light. It is the 
abundance of these fat droplets that gives the cell its opaque 
white appeaiaiice. When cells which have been libemted for 
sometime in the body can ity of the host are examined in salt 
solution, transparent globules may be seen oozing from the 
periphery of each. These globules also stain w ith 8udan II I., and 
are probably exudations of fatty matter. 

Once free in the body-cavity of the host tliese cells do not 
perish, but maintain an independent existence. They increase 
greatly in size, and their development proceeds, as a rule, at the 
same rate as that of the larva, so that the size of the cells gives a 
rough indication of the size and age of the larva. Thus in wintei , 
while the larva remains in the Ist instar for several months, the 
cells increase very little in size, but in summer, when the larval 
development is rapifl, the dissociated cells develop accordingly, 
Wliile thei^ is this general uniformity in the growth of the cells, 
one never finds that all the cells are of exactly the same size at 
any one period, Tlius a weevil wdiich had been parasitized 
early in October was <lissected in February, and was found to 
contain a single first instar larva, and the dissociated cells varied 
in size from 72/x to 100 /x. It is prohaide that the small cells 
have developed more slowly, or they may have been smaller than 
the others before dissociation. 

The cells appear as opaque white globules, and they are veiy 
conspicuous objects. They stream out into the dissecting dish 
the moment one raptures the integument of the host, and their 
presence is always a sure indication that the beetle has been pann 
sitized. The cells are to be found in numbers throughout 
the abdominal cavify of the host, and usually occur within the 
metathorax also. They are most numerous when the larva ie 
young* Over 600 have been counted in ene beetle eoBtaining a 
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iirdt instar larva, and 4217 in another host in which six first iustar 
larvae were present. It is probable tliat each egg gives rise to 
about 800 cells, but the exact number is not easy to ascertain, 
because, when newly dissociated, the cells are extremely small and 
difficult to count, and, as they become larger, they decrease in 
number. Observations indicate that the number of cells occurring 
in the embryonic membrane before dissociation is very high, and 
would more than account for the number of libemted cells 
present in the body-cavity of the host. Moreover, the cells have 
never been seen to divide after dissociation, and it is probable 
that the full number is present in the embryonic membrane some 
time befoi-e the \i\rvi\ emerges from the chorion. 

As the cells increase in size the nuclei become of irregular 
shape, and are no longer easy to distinguish without sectioning 
the cell. In transmitted light the nucleus may just be distin- 
guished os an ill-defined more or less square or star-shaped mass, 
and in sections it is seen to be very irregular in outline, indent^id 
or dumbbell -shaped. The cells ultimately attain a considei'able 
size, measuring 220^1 to 350 /a. They now consist of little 
else but fat (PI. IV. fig. 7), which is present in masses of minute 
globules 2 /Lc to 4 ft in (liameter. The membrane of the cell has 
now become extremely stretched au<l thin. It ruptures with the 
least pressure and a cloudy efiusion, composed of the minute 
fat droplets, pours out. Some of the cells were foutnl to have 
a semi-transparent appearance, due to the fact that they had 
discharged some of their contents. Even the smaller cells j>resent 
ainong)^. the larger ones exhibit the same appearance and burst 
readily when pressed. When fixed with fnemming-without- 
Acetic and sectioned, the cells in these final stages show a 
ramified nucleus and the cytoplasm is {lacked with blackened 
granules of fat (PI. JV. fig. 6). The effect of Osmic fixatives 
on the dissociated cells of different ages has been observed. 
The large cells fixed in Flemming frequently broke up when 
brought into 90 j>er cent, alcohol, and, while some of the 
fragments were seen to contain masses of black granules when 
mounted in Euparel, others were colourless, the osmicated fat 
having probably dissolved in the clearing reagent. Smaller and 
younger cells similarly fixed were mounted entire, but only the 
larger cells (168/i) appeared brown, and this colour was confined 
to the central areti of the cell and in some specimens subsequent!}' 
disapjieared. When the Flemming fixed cells were mounted in 
Glycerine without treatment with alcohol, the cells appeared 
brown, but this colour was due to the presence of masses of small 
globules to 10 fi in diameter, the smaller ones lieing deep 
yellow and the larger ones tinged with brown. It was noticed 
that fragmental of fat of Siiatm Umata treated in the same way 
e^Mbited similarly coloured but slightly larger globules. The 
smallm* and younger dissooiated cells (32 ^ to 64 /a) showed no 
blackening at all, even though fixed in Flemming for foiu*teen 
bour% but they exhibited masses of small yellow droplets. Fixed 
Pane. Zoon. Soc.^1 928, Ko. XM. 41 
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ill Osmic acid the fat droplets of such cells appeared dark with 
low magnidcation, but under a higher power they were seen to be 
yellow, and, when mounted subsetiuently in Enparel, they showed 
no blackening. As has already been mentioned, the minute 
globules of the newly-dissociated cells stain strongly with 
Sudan HI. and are not doubly refractive in polarized light. 
The globules occurring in the cells in their linal stage behave in 
exactly the same way. There thus seems no reason to believe 
that the fatty matter present in these cells varies in constitution 
during the increase iu size of the cell, and the failure to obtain the 
blackening reaction with the v^oung cells after osmic fixatives 
probably indicates that sufilcient fat is not present iu the very 
small cells to pi*oduce this reaction, since the dark precipitate, 
even in l.he full-sized cells, is very readily dissolved. 

As already mentioned, the dissociated cells of the embryonic 
membrane are most numerous during the early stages of parasitism 
when the larva is still in the first instar. It is in this instar that 
by far the longest part of the larval life is spent. During the 
later instars the larva increases rapidly in size, and it is during 
this period of active growth tliat the cells diminish markedly in 
number, and, by the time the larva leaves the host, the cells have 
all disappeared. Their fate is obvious, if one examines the 
gut of the larva. Within the mid-intestine of a nearly full- 
grown larva their remains are to be found in nural^ers, and, as 
will be shown in the second part of this paper, these cells 
undoubtedly coJistituto the princijial food oi tl»e lana in its later 
stages. During the first in.star comparatively few cells apj>ear 
to l>e swallowed by the larva, and they are thus mostly spared to 
continue their function of storing up fat from the body-fiuid 
of the host. They thus constitute a valuable food reserve, 
which is available to nourish thelarvaat the time when its growth 
is rapid. It has already been shown that the cells at this stage 
are much distended and easily ruptured, and this fact doubtless 
facilitates their consumption and digestion by the larva. It is 
probable that many of tlie cells at this stage get crushed by the 
movements of the larva within the host. Their fatty contents 
will in consequence be discharged into the body-fluid, and will 
thus he available also as food for the larva. 

The cells of the embryonic membrane dissociate and continue 
their development even if the parasite larva dies before emerging 
from the egg. In the second part of this paper it will be shown 
that supernumerary larvm frequently perish within the chorion* 
In such cases the cells of the eintoyouio membrane separate, 
assume a spherical shape, and become of the usual opaque 
white colour. They develop, in fact, just like the cells of a 
healthy larva, increasing in size, but they are imprisoned by the 
chorion, and are therefore forced to crowd into the fiaid-filkd 
space betwecm the dead larva and the ehorton* Such egfiare 
readily distinguishable from those oontainb|r embryos 

by tbeir peculiar opaque appesmnoeu Ooeastoiiid}y 
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bring about an abnormal extension of the chorion. Thus, in 
one weevil wliich contained a living 2nd iristar larva, an egg 
was found tightly packed with dissociated cells measuring 50 /x 
to 130 /u. The chorion had become so stretched that this ‘‘egg,” 
an opaque white oval lump, measured I’lO min. by 0*73 in m. 
(The largest normal egg observed measured 0*9 mm. by 0*52 mm.) 
On opening the chorion the dissociated cells streamed out, and 
the (lead larva was found within, shrivelled and contracted, 
measuring only 0-75 mm. In another case the cells had 
apparently, by their growth, caused the rupture of the chorion, 
for in one weevil containing a living 1st iustar larva a dis- 
integrated dead larva was found surrounded by the chorion, 
in which a hole occurred, and all but a few cells had come out 
by tills bole into the body-cavity of the host. 

In the instaiKjes just quoted several eggs liad been laid in one 
host, and one larva remained alive, hut it sometimes liappens that 
the only larva present within a beetle may «lie while still young. 
In sucii cases also the cells of the embryonic membrane continue 
their development, and may <wen attain to an abnormal size. 
Thus in one instance a weevil which had been placed with a 
female Hraconid for a few days in October was dissected the 
following April, no parasite larva having emerged in the interval. 
Numbers of coin^iaratively large dissociated cells were found 
packed among the visiujra in the hody-cavity of tfie host, but at 
iirst T sought in vain for thf» pirasite larva, wliich, judging from 
other breeding experiments and from the size of the dissociated 
cells, ought at lea^t to base been in the 2nd instar. Eventually 
a small group of cells wjuj found enclosed in the partially 
ruptured chorion of tlio Hraconid egg, and, entangled in the 
chorion, vvas a dead 1st iustar larva, already brown ami partly 
decayed. The larva may perhaps have succeeded in breaking the 
chorion, or else the dev’eloping cells of tlie embryonic inembi^ane 
may have burst it c>pen. At the time of dissection the cells 
measured from 100 /i t.o 228 /a, and many of them were as large or 
larger than the head of the dead larva. About 450 were counted. 
In some cases it would appear that the larva may die at an earlier 
stage before it has developed its chitiuous head-capsule. Thus in 
two instances many dissociated cells of unusually large size have 
been found in the body-tmvity of a weevil, but most careful 
searching failed to i^veal the presence of a larva. Doubtless the 
larva had die<l as an embryo and had disentegrated and left no 
tiace. In the one host the cells measured from 200 /a to 580 fi, 
and about 150 were present. The weevil in this case had died, 
probably owing to the presence of so many large dissociated cells 
within its body. In the other weevil the cells were nearly 
as large. These cells, apai*t from their size, presented the 
same appearance as cells in a host containing a living larva, but 
they were less i)erfectly spherical in shape. They were found te 
rupture easily, discharging their fatty contents, which stained as 
nsoid with Sudan III. Doubtless these ceils break down of their 
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own accord when the cell membrane has been stretched to its 
extreme limit, and the friction of the cells amongst the viscera of 
the host would also tend to rupture the cell membranes. In this 
manner the cells would become reduced in numbers, and the 
occurrence of only 150 cells in the weevil mentioned above would 
be explicable. 

On the Dissociation of the Embryonic Membrane in other 
Parasitic Ilymenoptera. 

The dissociation of the cells of the embryonic membrane would 
appear to be a phenomena of widespread occurrence amongst 
parasitic Hynienoptera. In many cases, however, the true nature 
of the liberated cells oc^uri iiig within the body-cavity of the host 
has been overlooked. Thus one frequently finds descriptions of 
globules occurring in parasitized insects, but they have usually 
been mistaken for the disorgHuized f«t-body of the host. I have 
no doubt that they represent, as in IHnocampus. the <lissociated 
cells of the embryonic inembi'ane. They have been observed by 
the following writers : TiiMberlake(1912) in Limnerium xulidnm ; 
Haviland (1921) in Aphidius \ Speyer (1925) in Periliius 
melanopiLSx Kaufinanu (1923) in species of Ferilitus\ Oglobin 
(1913) in Dinocampits terminatus (cocci nellw); Sei trier and Kotzl 
(1925) in Cosmophonis henscheli; Menzel (1926) in Euphorus 
helopeltides. Only in a few cases has the identity of tliese globules 
l>een recognized, and it is interesting to find that differences occur 
in their method of origin and in tlieir subsequent development in 
the different s|>ecies. 

Henneguy (1904) has shown that in the Olialcid Eviicra the 
amnion, which is derived by a simple delamination from the 
superficial cellular layer of the segmented egg, breaks up into its 
component cells some time before eclosion. These cells assume 
a more or less spherical form and commence to degenerate, their 
protoplasm becoming filled with fatty droplets. When the larva 
hatches, the cells are distributed in the body-cavity of the host, 
but it is not stated whether or not they subsequently increase 
in size. 

Marchal (1906) gives a very interesting account of the disso- 
ciation of the embryonic membrane in the Platygasters. In 
Trichacis remuhts the amnion is differentiated at the very i>eg^n- 
ning of segmentation. When the larva is set free in the body- 
cavity of the host, the amnion gives birth by dissociation to 
rounded or oval bodies which he terms psendogermes.” Each 
of these bodies contains several nuclei, and becomes surrounded by 
an anhistous layer analogous to a chorion. The pseudogermes ” 
float in the blood of the host. They grow and multiply some 
time after their liberation. In the later stages of parasitism tb^ 
become more and more transparent and the dirotnotin *of the 
nuclei becomes weaker. A similar dissociation of the emtarycmio 
membrane waS observed by Marchal in linsmue and 

P. niartMi. In Pkttygmier ormtm the detelopmant h Hither 



OF DXMOCASfPUS (PKRZLITUS) RUTILUS. 625 

<iifferent. The amuiotic elements in this species are derived 
primarily from a single nucleus, the paranucleus, which, separated 
at an early stage of segmentation, becomes established in a layer 
of peripheral protoplasm distinct from the plasma of the cells of 
the embryo. The pamnucleus increases in size and later under- 
goes a multiple division, giving rise to a crowd of small nuclei. 
These nuclei surround themselves with granular plasma and 
continue to multiply by direct division. At the same time the 
plasma which unites them grows and divides into irregular 
masses which Marchal terms masses paraembryonnaires.” When 
the larva becomes liberated in the body-cavity of the host, some 
of the paraeinbryonic masses remain attached to the larva, but 
others are set free and affect the form of “ p^seudogerines.'^ 
Marchal describes this type of embryonic membmne as a “tro- 
phamiiios/’ 

In Apantele$ glomeratm, Grandori (1911) observed that the 
amnion continues to encircle the larva throughout its life. It is 
at first a completely closed membrane, but later it exhibits many 
lacunas forming a sort of net round the larva. When the larva is 
mature the slender protoplasmic prolongations between the cells 
of the amnion dissolve, so that the cells become free from each 
other and are carried away in tlic circulating fiuM of the host. 
They preserve their vitality to the end, and some may be found 
adhering to the btxly of the larva sliortly before it leaves the host. 

Speneei' (1922) (iiids that, iii the Hraconids of the subfamily 
Aphidiime, tlie serosa breaks up into pieces at the time of 
hattrhing, each piece varying in size and number of nuclei. The 
fragments of .sen>sa tlien round off and begin a stnuige process of 
vacuolization and growth. The nuclei, w'hioh enlarge also, break 
down a!id fuse, finally resulting in a slirunken mass of chromatin. 
Tlie degenerate masses derive<l from the serosa are ultimately 
consumed by the larva at the time when it eats the internal 
organs of the host. In Spencer observed that the 

sei'osa was fortiied by delaminatiou or extiusion of cells fi'om 
the ectoilerm of the embryo early in development. 

It will thus be seen that tlie embryonic inembwine does not 
always separate into its individual cells, as in Dinocamptia rtitilus^ 
but may Vu^ak up into pieces Cvuitaining many nuclei. These 
pieces assume «. spherical shaj)e ju.st as do the isolated cells. In 
this case, however, it is difhcult to understand how the anhistous 
layer arounti the fragments descrihe<l by Marchal is formed, for, 
in IH^wcani/ntrS rutilm^ the limiting membmne of the dissociated 
cell is, of course, the wall of the cell. 

It is probfible that in some cases, s. g» in that of Apaniehs^ the 
persistence of the cells of the embryonic membrane is of no value 
to the larva ; but in Dinammpm rutilua I have no doubt that the 
curious development of these cells is of great importance to 
the larva, rinee they store up large cpiantitieR of fatty matter 
which is available for aseiml&lioxi by the larva at a time when 
raind growth is essential to it« 
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Summary. 

A review is given of the literature on the parasitism of 
Braconids of the genera Dinocampus and PeHlituB. The records 
at present available show that these insects are parasites of 
beetles^ usually of the adult insect, but occasionally of the larva 
also. 

Dinocam 2 }U 8 {Perilifus) mtilm is a parasite of adult weevils of 
Siioyia lineata, and has also been obtained from S* hispidvla. 

This Braconid is common throughout the British Isles and is 
wi<lely distributed in Europe. 

Both sexe.'N are equally numerous, but parthenogenesis may 
occur. Only males have been reared from unmated females. 

The adult Braconids lived in captivity usually about a fort- 
night, but a few survived for three or four weeks. 

The female effects ovipasition in the apex of the abdomen 
of the host, pursuing the beetle assiduously until her task is 
accomplished. 

The egg, when laid, is very small, but, after ovijK)sition, the 
chorion expands and the egg enlarges to a remarkable degree, 
attaining to over a thousand times its original size. 

During the development of the embryo a cellular membrane 
may be distinguished immediately beneath the chorion, and the 
cells of this membmne increase in size as the larva develops. 

When fully formed, the larva ruptures the chorion and becomes 
free in the aMomeii of the host. 

At the same time the cells of the embryonic membrane com- 
mence to dissociate and to become dispersed throughout the body- 
cavity of the beetle. 

They assume a globular form and become of an opaque white 
colour, due to the presence of fatty matter, which they ab^rb from 
the body-fluid of the host. ' 

As the larva grow«, the cells increase in size and their nuclei 
become of irregular shape. 

In their later stages the cells of the embryonic membrane 
consist almost entirely of globules of a fatty nature. The mem- 
branes of the cells become much stretched and rupture with the 
least pressure, so that the fatty contents are discharged into the 
body-fluid of the beetle. 

When the Braconid larva is young, as many as 600 or 700 
dissociated cells of the embryonic membrane have been counted 
within the body of the host, but aa the larva grows the cells 
diminish in number. 

The dissociated cells of the embryonic membrane with their 
ingested fatty contents constitute the principal food of the larva 
in its later stages. Their remains may to found in numbers 
within the mid-gut of the full-grown Ilurva. 

If the parasite larva hs^pmoui to die when still young, the oeUf 
of the embryonic memtoane dissociate and continue to 
sometimes attaining io an abnormally large asset 
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Ooniparativel}’’ few observations have been made in regard to 
the dissociation of the embryonic niembrane in other parasitic 
Hymenoptera, and, while opaqtie white globules have been recorded 
as occurring in certain pantsitized insects, they have usually lieen 
mistaken for ‘‘disorganised fat-l3ody** of the host. 

BlBLIOOttAPHY. 

Abhmbai), W. H. 1880. “ Deitcnptiou of New Hracoiiidn! in the Collection of the 
U.S. National Museum.” Proc. U.S. Nat. Mus. xi. pp. 011-671, 
BiXPVF, W, V, 1026. “The Bionomics of IHnocamjnts eoceinellat Schraiik.*' 
Ann. Ent. Soc. Amei*. \i\. pp. 406-498. 

Biosbll, G. C. 1891. Knt. Monthly Mag. p. 169. 

CAMBBOy, A. K. 1916. “Potato Spraying and Dusting in New Jersey, U.S.A.” 
Bull. Knt. Keseatch, vi. p. 19. 

CBlTTBKiiiiN, F. H., A Marbh. II. O. 1920, “The Western (Cabbage Flea-Beetle.” 

tJ.8. Dept. Agric. Washington, D.C\, Bull. no. 9t)2, 21 pp. (Abs, 
K. A. E. (A), ix. p. 203 ) 

OuBHMAK, H. A. 1913. “ Biological Notea on a tew Bare or Little-known 

Parasitic Hymenoptera.” Proc. Eat. S(K'. Wash. xv. no. 4, pp. 163- 
16o. 

— 1922. “ The Identity of Ichneumon coccinellte Schrank.” Proc. Ent. Soc, 
Wash. XMv. no. 9, pp. 241-242. (Abe. R. A. E. (A), xi. p. 117.) 
CCTBINHT, C. U. 1924. “ BtonoiiiicM of Hipjtodamia tredeampunctata'* Ann. 

Ent. Soc. Amor. xvii. no. 2, pp. 188-192. (Abs. It. A. K. (A), xii. 
pp. 423.) 

Doiisir, S. B. 1911. “(Joncerning the Relation of Food to Reproductive Activity 
and Longevity in certain H^iiienopterous Parasites.” Tech. Bull. 
78, Agric. Expt. Sta. Uitiv. Nevada. 

DuBTAsr, A. G. 1921, “Some Not4*8 on the Habits of Campoplrx pilotulue, a 
Primary Parasite of the Fall Webworm.” Proc. Ent. Soc. Nova 
Scotia, no. 0, pp. 81-88. 

Elliott, £* A., A Moblbt, C. 1908. “On the Hymenopterous Parasites of 
Coleoptera.” Trans. Knt. Soc. Loud. 1907, part 1, pp. 7-76. 

Fabbbl, J. 1919. “Apple Culture in Victoria.” Jourii. Dept. Agric. Victoria, 
Melbourne, xvii. p. 31. (Abs, U. A. K. (A), ix. p. 8.) 

Fxvtaup, J. 1917. “ liA Dotense dc la Vigne contre les Jnsectes.” Bull. Soc, 
Etude, Vulg. Z(K)I. Agric. Bordeaux, xvi. no. 6, pp. 33-42. (Aba 
R, A, K. (A), V. p. 341.) 

Gxxibyb, P. 1925. Uabrof^ractm brevieornU Wesm.” Ann. Ent. Soc. Amer, 
xviii. no. 2, pp. 148-202. 

Glovkb, T. 1877. Ann. Kept. U.S. Dept. Agric. p. 99. 

Gbamdobi, K. 1911. “Coiitributn all* Einbrvolugia e alia Biologia AtW ApanteleM 
fflomeratuB (b.) Iteiuh.” “ Redia,” Fiortmee, vii. pp. 363-428. 
Hallxz, P. 1B86. “Loi de rOrieutattoii de T Embry on chez les Insects.” C. B. 
Ac. 8c. Paris, ciii. pp. 606-608, 

Habb, A. 1922. Biologic derSchlupfwespe Ho 6retnVorAi't(WeBmael). 

Braconidte.’ Arb. Biot. Keichsanst. Land- u« Forstw. xi. pt. 2, 
pp. 95-168. 

Hatilaxd, M, D. 1921. “On the Bionomics and Post -Embryonic Development of 
certain Cyuipid Hyperxmrasites of Aphids.” Q. J. M. S. Ixv. pt. iii, 
pp. 461-478. 

HxirBseiTT, L. F. 1892. “ Contribation a TEmbryogdnie des Chalctdieus.” C. P. 
Ac, Sc. Paris, cxiv, pp. 183-136. 

1904. Lm liisiotes. Paris, p. 387, 

|lo 9 Xlirt| A« D. 1800. Insect Lift, tii, no. 1, p. 20. 

HvpXMA, S. J. 1909. “The Green Bng and ite Enemiee. A Staly of Insect 
Pemitlsin.” Ball Umv. Kanisi, it. no. 2, 221 pp. 



628 MISS BOBOTHY J. JACKSON ON THK BIOLOGY 

Jackbov, D. J. 1020-22. Bionomics of Weevils of the Genus Sitona iigortotts 
to Logominous Crops in Britain.’* Ann. App. Biol. vii. pp. 18-20S ; 
ix. pp. 98-115. 

— 1924. ** Insect Parasite of the Pea- Weevil.” Nature^ cztii. no. 2SSS» 

pp. 353-854. 

Kaufmanit, Otto. 1923. ” Beobachtungeu nnd Versuche sur Krage der Ueber- 
wititerung nnd Parasitierung von Oelfi'UohtsschidHugen ant den 
Gattuiigeii MelijjetheBf Tkyllotreta^ utid C 0 uthorrh$fnehu$** 

Arb. Biol. Keichsanst. Land- u. Poratw*. xii. no. 3, pp. 109-169. (Abs. 
K. A. £. (A), xii. p, 26.) 

Kuitckbl s’Hbbculais, J., A Lafoloib, C. 1891. ” Musurs et Metamorphoses 
de PM^Uitua brsvieollh Haliday.” Ann. Soc. £nt. France^ Seance dm 
27 Mat, 1891, lx, pp. 456-466. 

Lbait, O. B. 1926. Observations on the Life-History of KelopeUtM on Cotton in 
Southern Nigeria.” Bull. Ent. llesearch, xvi, pt. 4, pp. 319-824. 
Lrskb, P. 1892. Ann. Soc. Ent. Fr. hi. pp. 305-308. 

LtCHTBXSTEiir. .1. L., & PiCABp, F. 1918. ” £tude Morphologique et Biolt^iqoe 
du SpcoBoter hxmgnei Picard et J. L. Lioht. HecaboHde i^arasite de 
VHgpohoruB JIcub Er.*' Bull. Biol. France et Belgique, Paris, li. 
pp. 440-474. 

McCox.i/OCii, J. W’. 1918. “Notes on False Wireworms, with especial reference to 
BUode« tricostata Say.** Jonm. Keon. Entom., C’oncord, xi pp. 212- 
224. (Abs. U. A. E. (A), vi. p. 308.) 

— 1919. **KIeod4‘8 opaca Say, an Important Enemy of W'heat in the Great 

Plains Area.” .lotirn. Econ. Eiitorn., ('uncord, xii. no. 2, p. 190. (Abs, 
R. A.E. (A),vu. p. 282.) 

Marcbai., P. 1906. “ Kecbercbes sur la Biologie et le Developpemeut des 

HymenopttVes Parasites.” Arch. Zool. Exp. et Gen., IV* Herie, iv. 
pp. 485-640. 

Marshall, T. A. (A) 1885-1899. ‘‘Monograph of HritUh Bracouidin.” Trans. 

Ent. Soc, Loud. 1885, 1887, 1889, 1891, 1891, 1896, 1897, 1890. 
8 pts 

— (H) 1891. ” Le«» Braconides.” v. pp. 46 46 of Andr5’» ‘Species des 
H} ladnopt^reA d'Knrope and d'AJg^i ie.' Parh. 

HebzRL, li. 1926. ” l;'cl)er TceKcliildlinge in NieiicrlandiM'lhlndien und litre 
Bekaniptung. EuphoruB ItBfopelHdut Fernere (Hyin. Bracunidie) nls 
Lai veil paruait der Tt^'-Capside HetopeUts an f anti Sign.” Zeitschr. 
aiigew. Ent., Hetlin, mi. iiu. 2, pp. 340-356. 

Moorb, B.A. 1913-14. ” The Wbeat-Lout*e, .(/rammum.” Agric.Joarn. 

Union S. Afiini, Pretoria. (Aba. R. A. K. (A), ii. p. 154.) 
Mvesebbck, C. F. \V, 1918. *‘ Two Important Introduced PartiKiteH of the Brown- 
Tail Moth.” fjourti. Agric. Re». Waaliiiigton, ]).(’. xiv. no. 6, pp. 191- 
‘206. 

OOLOBIN, A. 1913. “On the Biology of Coccintdlids (Bass.)." Bevne Kosse 
d’Eniomologte, St. Petersburg, xiii. no. 1, pp. 27-43. (Abs. K. A. E. 
(A), i. pp. 457 -458.) 

Pbbiiiiiotok, W. E. 1916. “Noteaon Uhogat UrminatuM Cress,” Jouru. Econ. 
Entom. Concord. i\. pp. 401-406. 

Picard, F. 1913. ‘*La Lutte centre PAltise dans PHcrault,” Bull. Agric, 
d’AIgdrie et de la Tunieie, no, 4, pp, 86-89, (Aba. li. A. E. (A), i. 
p. 173.) 

Ratzbburo, j. T. C. 1852. ‘ l>ie Ichueumoneu der Forsritioekten,^ iii. p. 61., 
Kilby, C. V. 1868-9. Insect Life. i. no. 4, pp. 101-104, dr no. 11, pp. 838- 39. 
BceesRA, F. 1925. **Beitr^ sur Kenntniss der tbrstlicheii Bracgniden.” 

Zeit84dir. aiigew. Ent, xi. no. 2, pp. 197*202. 

Sbitbbr, M^, db NfiTBL, P, 1926. htmcheli Seitner, und sein 

Parasit, CoAmapkarmA h€tMtek$H Buselilm.” Zeitsdir, angew, KuU 
Berlin^ xi. no. 2, pp. 187-196. 

Bbbviebt, I, J. (A) im ” The Ufgul»tio» of Sex 
IchtteumouitLP.” (Kusi.) Bull, dP 
St. Petersburg, iii uo, 2, pp. 24^, (Al 


tiMor !>,• fmuil, 

l^botatniM d. 



629 


OF OIMOCAMPUS (p£EliaT!76) RPTU^US, 

8HSFIS1V, I. J. (1)) 1918. ** La r61e des famelles dant la determination dn eexe de 
leur deacetidance dans le groupe dee Icbiiemnonidee." Cotiiptea 
Kttudut Hebdotnadaires de la Soc. de Btologte, Paris, i. pp. 698-899. 

89TOHBBBAKOV, Th. 1916. BoutU Rtissian Agrie. Gazette, Cbarkov, zviii. (Abi. 
K. A. £. (A), V. p. 89.) 

Biorsl, J. 1864. Hull. Soc. Kntom. Prance, 8rd series, ii. p. Ivii. 

Spancna, H. 1922. “ Biology of tbo Parasites and Hyperparasites of Aphids.*’ 
Aim. £nt. Soc. Amer. xix. pp. 119-167. 

Spxtbb, W. 1921 . Heitrage zur Hiologie des gefleckten Kohltriebrusslers 
(Ceuthorrhyttehus quadrideuM Paitz.).** Kntom. Blatter, xvii. pp. 118- 
124. 

— 1926. ** FerilituB tnelon&puB Ruthe als Imaginal parasit von Ceuthor^ 
rhynchuB qtMdridBM Panz.*' Zeitschr, angew. £nt., Berlin, xi. no. 1, 
pp. 182-146. 

Btbicblabd, K. H. 1923. Biological Notes on Parasites of Prairie Cutworms.** 
Can. Dept. Agric. Bull. no. 26. (Bntom. Bull. no. 22, 40 pp.) 

SwBBK, M. H. 1923. ** The Plains False Wireworm and its Control.’* Nebraska 
Agric. Exp. Sta. Circ. xx., 11 pp. (Abs. R. A. E. (A), xi. p. 449.) 

Bb^pliobti, Gr. V. 1904. ** Hymeuoptera, Kam. Bracoiiida;.** Fuse. 22, 

WytsmanV tienera lusectotutn, pp. 174-176. 

Timbbrlakb, P. H. 1912. Exi)ernnental Parasitism. A Study of the Biology 
of JOimnsrium vaiidum (Cressou).’* U.8. Dept. Agric. Bur. £nt., 
Tech. 5>er- no. 19, pt. v. pp. 71-92. 

1916. “Note on an Interesting Case of two Generations of a Parasite 

reared from the same Individual Host.** Canad. Entom. London, 
Ontario, xlviii. pp. 89-91. 

— — 1917. “ Notes on Some of the Immigrant Parasitic Uymenoptera of the 
Hawaiian IsliindH/’ Ptoc. Hawaiian Ent. Soc. Honolulu, iii. no. 5, 
pp. 399-404. (Abs. R. A. K. (A), vi. p. 362.) 

Towjbk, I), G. 1916. Biology of Apanteles miUtarU** Jouni. Agiic. Res. 
Washington, D.C. no. 12, pp. 496-507. 

TuiiLaiiBN, A. 1916. “ Kn loinsk donde till v6r van iiyckelpigan.** Eutomologisk 
Tidski'ilt (Stockholm), pp. 96-98. 

VtBRBCK, H. L. 1913. Proc. r.S. Nat. Mus. xliv. p, 561. 

Waob, J. K.. & Bovmo, A. G. 1921. “ Biology of ISmbaphion fNuricatum.** 

Journ. Agric. Res. Washington, D.C. xxii. no 6, pp. 323-334. (Aba. 
U. A. E. (A), X. p. 112.) 

Wabi>i.b, U. a, 1914. “Preliminary Observations upon the Lite-histories of 
Ztnilla ptcopB B. A H. and JHypambiis alhopicttiB Grav.** Journ. 
Econ. Biol. IX. no, 3, pp. 88-104. 

W BB8TBB, F. M. 1909. “ Investigations of Toxoptera grammum and its Parasites.** 
Ann. Ent. Soc. Amer. ii. no. 2, pp. 67-86. 

Wbbp, C. M., a Habt, C. a. 1889. “Notes on the Parasite of the Spotted Lady 
Beetle, Megdla macnlata*' Psyche, v. no. 166, pp. 188-190. 

WaaTWOon, J. O. 1840. An Introduction to the Modern Classidcatiou of 
Insects ii- P« 142. Ijondon. 

WiLl^ABB, H. F. 1920. “Opias JUtcheri as a Parasite of the Melon- Fly in 
Hawaii.*' Journ. Agric. Res. Washington, D.C. xx. no. 6, pp. 423- 
438. 


EXPLANATION OP THE PLATES. 

Platb I. 

J}inQc«mpuB (FerilituB) ruUluB Nees. Female X 22. 

Pl.a!!tB II. 

Eigga olthB autumn genemtton of IHmeamfmB (PeHlffas) mf«7««Neea, showing 
ftagni in i^velopment The drawings have been made trom living speoiineBs 
axamltied in salt aolnikm. 

fig, L OcdMl ia0^ ovarian agg at an early stage, enrrounded by sheath of 
Ibllkle edite and utiU atta^d to the vitaBogenous oell. X X85« 
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Fi^. 2. Optical section of fully-formed ovarian egg in sheath of follicle cells. X 185. 

Fig. 8. Ovarian egg ready to be laid. X 81. 

Fig. 4. Optical section of egg from an unmated female dissected from host 8 daya 
after oviposit ion. X 81. 

Fig. 6. Egg from female (probably fertilized) dissected from host about 20 days aftjnr 
ovipoHition. (The chorion and embryonic membrane are hgured in 
optical section.) X 81. 

Fig. 6. Egg from uiimated female dissected from host 27 to 88 days after 
oviposition. Surface view showing cells of embryonic membrane as seen 
through chorion. X 81. 

Fig. 7. Egg from female (probably' fertilized) dissected from host 80^ days after 
oviposit ion. (Chorion and embryonic membrane seen in optical section.) 
X8l. 


PLA.TS 111. 

Fig. 1. Egg from uumated female of D. rutilus with full-grown larva ready to 
emerge. Dissected from host 61 to 65 days after oviposition. The caudal 
appendage of the larva is bent lieueath its body and does not show in this 
figure. X 76. 

Fig. 2. Larv a of D. rutilus emerging from chorion. X 62. The egg had been 
laid from 50 to 64 days previously. 

Both figures have been drawn from living specimens examined in salt solution. 

Plats IV. 

Cells of the embryonic membrane of D. rHtilu$ in various stages of development. 

With the exception of fig. 0, all the drawings have been made from specimens 

examined in salt solution. A 11 magnified 260 times. 

Fig. 1. Portion of embryonic memhiane of egg figured PI. II. fig. 6. Seen ia 
Bitu through chorion. 

Fig. 2. Surface view ot portion of egg laid by unmated female dissected from hoet 
46 to 47 days after oviposition. The cells of the embryonic inemlmuie 
cannot l>e distinguished as they are obscured by the mimorous vesicles. 

Fig. 8. Portion of embryonic membrane of egg 28 to 29 daya after oviposition. 
Seen in §Hu through chorion. 

Fig. 4. Portion of embryonic membrane figured while still partially surrounding 
the larva after its emergence from the chorion, and show'ing some of the 
cells commencing to dissociate. From an egg laid 64 days previously. 

Fig. 6. A & B. Completely dissociated cells from the embryonic membrane of 
the same larva. C. Dissociated cell, later stage, surface view, showing fat 
droplets. 

Fig. 6. Section of dissociated embryonic cell in its final stage, fixed in Flemming* 
without-Acetic, stained Ehrlich's Hfematoxylin and Eosin. 

Fig. 7. Dissociated embryonic cell ni its final stage, showing fat globules oozing 
out at periphery. 
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23. Hints on the Transport of Animals. By Major 
Stanley Smyth Flower, O.B.E., V.P.Z.S., and others^f. 

[ReceiveU June 13, 1928 : to lie Reed October 22, 1928.] 

IKTEOD0CTIOH. 

The following letter, addressed by the Secretary of the 
Zoological Society of London to Major Stanley Smyth Flower, 
a Vice-President of the Zoological Society of London, and for 
many years Director of the Zoological Gardens at Giza, Cairo, 
explains the origin of this paper : — 

Zoological Society of London, 
November 29tb, 1927. 

My dear Flower, 

TRANSPORT OF ANIMALS COMMITTEE. 

You have kindly agreed to be Chairman of what for short we 
may call the I'raiisport of Animals Committee. 

There is a considemble transport of living mammals, birds, 
reptiles, amphibia, and fishes, some consigned directly to 
Zoological Gardens, others to amateurs, others to the trade for 
sale. In our experience here, the incidence of mortality on new 
arrivals is out of proportion to the natural viability of the 
animals concerned and points directly to the operation of factors 
which might be eliminated. Purchasers from dealers have 
similar experience. Tliis summer Mr. D. A. Bannerman and 
Mr. Norman Kinnear called my attention to specific instances of 
transport under extremely unsuitable conditions, and asked if 
some steps could not be taken. I replied that in my opinion the 
fault w^as largely due to ignomnee and that the Zoological 
Society bad always found prospective donors very ready to accept 
** t<> suitable cages, food for the voyage and so forth, 
and that information of tliat kind might be extended and put in 
suitable form for distribution. I undertook to bring the matter 
before the Council of the Zoological Society together with the 
8Hg^<5fition that a Committee might be appointed to draft suitable 
instructions. 

• Thi* psp«r in UminI on the work of a Committee appointed by the Zoological 
Society of L^don, and coii&i«tiiig of Mi^jor 8. 8. Flower, Chairmaii ; 1). A. Ban* 
nemati; £. (^ Bonlenger, F.ZB., director of the Aijnarium ; G. B. Chapman, 
FJS.$. ; F. N. Groarenor, P, A O, and Allied Liiiee : P« J. L. Kelland, Depaty Chief 
Yetmiiary Officer, Minietry of Agriculture and Fieheries ; Mis« E. Maud Knol^l, 
FX8. ; Miii Joan B. Procter, F.LJ5., F.Z.a. Curator of Heptilea ; D. Seth*Smith, 
OtAnUf of Mammale and Birdej Colonel A. K. Wyllio, Boyal Society for 
Fvevmtion of Cruelty to Antmali. It containe Practical Aavioe on the Selection, 
^ Msmmahi, Birde, R^Bea, Amphibia, and Ftahea 

^ «hiapapar,iii pauiplilet form, may he obtained ftfom the Seoretary, 

price 0d. mob, or Sdoopiee for Jtl. 
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The Council accepted the suggestion and appointed the following 
Committee, requesting you to act as Chairman : — 

Major Stanley Flower, O.B.E., F.L.S., Vice-PreeJZ.S. 

Mr. D. Seth-Smith, F.Z.S., Curator of Mammals and Birds. 

Miss Joan B. Procter, F.L.S., F.Z.S., Curator of B»eptiles. 

Mr. £. G. Boulenger, F.Z.S., Director of the Aquarium. 

They also asked me to invite in their name a representative 
dealer to serve, and to ask various other authorities to nominate 
members. The Committee, therefoie, has been strengthened by 
the addition of the following : — 

Mr. G. B. Chapman, F.Z.B., a large importer of animals. 

Mr. Norman Boyd Kinnear, F.Z.S., nominated by the 
Trustees of the British Museum. 

Mr. D. A. Bannerman, nominated by the British Orni- 
thologists* Union. 

Miss E. Maud Knobel, F.Z.S., nominated by the Avicultural 
Society. 

Colonel A. K. Wyllie, nominated by the Boyal Society for 
the Prevention of Cruelty to Animals. 

Mr. P. J. L. Kelland, Deputy Chief Veterinary Officer, 
nominated by the Ministry of Agriculture end Fisheries. 

Mr. F. N. Grosvenor, representing the P, & O. and Allied 
Lines. 

The Home Office express sympathy with the objects of the 
Committee, and tlie Mei-cantile Marine Department of the Boar<tl 
of Trade offer any information or assistance they can in regard 
to the physical means of conveyance of aninmls on board ship. 
They also offer to send reprehen tatives with experience to meet 
the Committee after suitable conditions have been formulated 
for different kinds of animals. 

I myself, Dr. G. M. Vevers, Superintendent of the Gardens, 
and Dr. H. H. Scott will be most ready to give you any assist- 
ance or information in our power. 

The Council of the Zoological Society did not di’aft a formal 
reference, preferring to give the Committee as free a iwuid as 
possible. In a general way your function is consideration of all 
stages in the transport of animals from the selection of suitable 
individuals for travelling to their first care after unpacking at 
their ultimate destination. This will include: — 

Simple ctiteria of health and condition before packing* 

Securing that selected animals are willing to take the food 
which can be supplied them during transport. 

Suitable boxes, cadges, and |mcking. 

Directions for hygiene during transport. 

Food-supply during transport. 

Attention i*equtT^ during tmnspoiii. 

Immediate treatment on reception. 

Temporary detention pending ultimate deetinatioit. 
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As you personally bare much experience in the transport of 
animals, I need not remind you of the need of attention to such 
points as the relative size of packages and cages, the numl^eis in 
each cage, provision for feeding, watering, and cleaning (in 
particular the avoidance of cleaning with salt water at sea), pre- 
vention of teasing or injudicious feeding by unauthorised persons, 
ventilation and freedom from draught, suitable temperatures, 
prompt removal of unused food, end so forth. 

It has also to be kept in mind that the conditions suggested 
often will have to be carrie<l out in remote parts of the tropics or 
in ports whei*e makeshift <le vices alone are jxissible. 

It is the hope of the Council that you will be able to draw up, 
BO to speak, specifications for a large number of diflereiit kinds 
of animals. If you succeed in this I shall be glad of the sugges- 
tions and advice of the Committee as to the best form in which 
your recommendations might be publisbe<l, as, for example, in a 
number of pamphlets. 

It also may be possible, and on this I shall be glad of the advice 
of the Committee, that we sliould approach Shi{>ping Companies 
with the \’*iew to their favouring shij^pers who comply with the 
suggestions you lay down, and with Insuntnce Companies to the 
same effect. 

May I add that the Council of the Zoological Society at taches 
great hopes to the r€>snlt8 of your deliberations, and tliat if in the 
course of your enquiry you tind that there is any assistance we 
might be able to give you, we shall do our best to comply with 
your i^aquest. 

Believe me. 

Tours very sincerely, 

P. Chalmers Mitchell. 

The Committee held a number of Meetings, some in full session, 
others divided into sub-committees for different {>arts of the 
work, took evidence from a numl>er of j;)ersans, and finally 
reported to the Council of the Society unanimously. The recom- 
mendations and advice wduch follow are based on their labours, 
and are recommended to all who have any concern with the 
transport of living animals. 

P. Chalmers Mitchell, 

Sec. Zool. Soc* 

S. S. Flower, 

F.-P. ZocL Soc. 


General. 

Some of the suffering and loss amongst birds and mammals 
during transport to Great Britain is indirectly due to excessive 
eharges for ft*eight and dock dues, out of all proportion to the 
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charges on ordinary merchandise. This leads the importer to 
conserve his space to the utmost with the result of overcrowding. 

Serious mortality is due to transhipment. Many of the 
British Shipping Lines decline to carry live stock, except at 
prohibitive rites, necessitating their being shipped by foreign 
lines to some continental port, whence they have to 
transhipped by a Channel steamer which often has no suitable 
accommodation. The stock is consequently placed on deck and 
suffers much from exposure. 

It would be to the advantage of the animals that they should 
be carried by Lines direct to their ultimate Port, thereby 
avoiding transliiprnent delay and discomfort. Importers doubtless 
are prepared to pay a remunerative freight, and would gain by 
less mortality and the better condition of their stock on arrival. 

Watering. 

No bard and fust rules can l)e made on this subject. There are 
two main considerations. 

(1) Water ^ Available sitpply ofy and its quality ^ — Large ocean- 
going mod era steamships may have a Hbeml supply of good fresh 
water, but ou sailing ships, coast, and e.^pecially river steamers 
the f'upply of water available for animals may be very limited 
and so must be used as economically a.s possible. River- water may 
be brackish, or full of mud and other worse impurities. On long 
train journeys in the tropics water for animals may also be the 
chief anxiety : well-water, as used for the engines, may be charged 
with various salts which may have bod effects on thirsty animals 
if they are allow^ed to drink it. 

(2) Water\ Animals' need of , — This varies to an extraordinary 
extent both by species, by individuals, and by the humidity of 
the air. To take an extreme example — a one-humped camel 
before embarkation can be tmined to drink once every six days, 
so on board ship every sixth day he should 1)6 encouraged to 
drink his fill, and given no water at any other time. Many 
gazelles, and other antelopes, only refjuire water once in three 
days, and some of the A fricau carnivora, as well as other mammeds, 
at most once a day. In transit the actual amount of watering 
must be at the discretion of the attendant. It is no good putting 
water into the box, where it may be splashed about and 
wasted. The attendant must wait patiently to see what each 
animal actually drinks. Few things tend more to make a wild 
animal become tame and friendly than the manner in which it is 
watered. 

(3) Wa;lering ifonisys.— -Water placed in a pan, or other 
vessel, in a monkey’s cage in transit may be spilt, wasted, or 
fouled* Monkeys, Asiatic or African, can be easily trained to 
drink from tbe spout of a water-can. The attendant should, with 
a water-can full of water in his hand, place the spout through 
the bars or wire of tbe tmveUing-box end allow: each monkegr to 
drink its fill from the spouts no water will idius be wasted er 
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splashed about the box or deck. When several monkeys are in 
one box they quickly learn to drink in turn, and this gives the 
attendant good opportunities of getting to know them individually 
and studying their particular needs. 

Shape of Boxes. 

(1) “ Square” boxes are the least desirable for the transport of 
most animals (mammals, birds, or reptiles). 

An oblong box should be used : for example, a box 2 feet square 
takes up 8 cubic feet of room, a box I foot wide by 2 feet high 
by 3 feet long takes up 6 cubic feet and is preferable in other 
ways. 

ill an oblong box an animal (when the box is shaken in 
handling, or by the motion of a ship, etc.) has the chance of 

bracing ” itself against the sides on the shorter axis, which it 
will quickly learn to do. In a square box the animal may slide 
from side Ui side till it gives up attempting to help itself. 

There is also the advantage that the animal can retire from 
the door of the box (the door should be at one end) if it wishes, 
and so gets better privacy and a sense of securily. Actually it 
is liest to have a door at each end of the box, one for regular use 
and one for special occasions, such as catching the animal for 
examination by hand or for tmnsference to another hox. 

As every traveller knows, “.square’’ boxes are the mo.st difficult 
to handle. Oblong boxes are easier to lift by hand, to ti’ansport 
by donkeys, mule, camel, or motor-cars, and to stack in railway 
carriages, cabins, etc. 

(2) ** Separate sleeping compartment ’’ for monkeys, small cats, 
mongooses, squiri'els, etc. 

It is often more convenient to have this on the top of, instead 
of at the back of, the main compartment. All that is required 
is to have an oblong box stood on end, with, of course, suitable 
doors, so as to make a two-storey cage with a sliding door in the 
floor of the second storey. 

Construction op Boxes. 

(1) Barg or 

Iron bars may l>e difficult to obtain, and rec]uire a skilled artisan 
to place in position. One single bar displaced may lead to a 
disaster. 

Galvanised wire netting, of various strengths and sim of mesh, 
ean be conveniently carried in short lengths in rolls. With 
unskilled labour a wooden frame, or an otherwise weak wooden 
hoXj can be quickly transformed into a strong cage by winding 
the wire once or twice round it, in one or two directions. 

(2) Mgtal-Umd 

Metal linings require skilled ai*ti$ans to be effective, and a 
)#Oie comet cmt tumed^up edge may lead to the undoing of the 
vrtole structure in the hands of a persevering bear. 
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A box constructed of good hard wood with imaaii interior 
surfaces is preferable for dogs, hysenast etc. to a metaMixiedl boM* 

Some porcupines will in time eat through liny wooden bo*, but 
some will travel safely in a wooden box wrapped in wire. 

(3) A dap of canvas or sacking should be provided to let down 
over the fronts of all cages or boxes for mammals and birds. 
This keeps the occupants quiet, cool in warm weather, and freer 
from di auglit. It also prevents them from being frightened by 
people passing. 

(4) The most convenient dooi's for cages and boxes are those 
sliding vertically (made loosely in case the wood swells). They 
lessen the risk of escapes, as they can be opened Just enough to 
admit the hand or the food and water dishes, and they close 
automatically. Two doors, placed at diiferent sides so that every 
part of the interior can be reached, are useful. 

Vermin. 

Before shipping animals, {mtient effort should l)e made to get 
them tame enough to be handled by the man, or men, who look 
after them, so that once the animals are used to being handled 
they may be searched for such vermin as ticks that can be picked 
off by hand. 

Most wild animals in a state of nature seem to carry on their 
skins a large population of ticks, fleas, and lice. It is difficult to 
remove these from a frightened nervous beast, but in the case of 
a young animal, whether lion or buffalo, that is used to and fond 
of being handled, most of this vermin can be removed with care 
and patience: ticks by hand-picking, fleas by rubbing in 
Keating’s Powder, and lice by fine-combing and, a veterinary 
lamp. 

Tortoises, snakes, and other reptiles often require de^tioking 
before shipment. (See special directions in Reptile Section, 
p. 649.) 

PbOTBCTION FROM WeATHEB, ETC. 

When at sea, the sUipV officers can generally be relied on to 
see that animal passengers ai*e given all possible protection from 
sun, wind, and rain. 

The danger times for animals in transit are in poiis, railway 
stations, etc., where the boxes may get left for hours on a quay 
or a platform, under a very hot aun or in a biting wind, etc.. 
It is then particularly that there must be an attendant with 
them, with a supply of suitable tarpaulins, blankets, ropes, etc., 
to be able to rig up such temporary shelter as may be required/ 

Animals in cages also run more risk of being teased ana Wted 
by human beings when on shore than when on board ship. 

On board ship cleaning must be undmtaken thmougUy and 
regularly, at least once a day, The butcher, is the ^Beial in ^ 
charge of all pets and aniinals, and itis wiselbr ^he pamehger 
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who may be accompanying the animals to discuss, at the liegin- 
ning of the voyage, the feeding and cleaning, and to find out at 
what time it is convenient for the butclier to help daily with these 
operations. This is the more useful, as he can easily obtain the 
food refpiired from the ship s stores, and also pails, sponges, fresh 
wa.ter, etc. Before shipping a list should be prepared, giving 
under the number stencilled on the boxes or cages, the number 
of creatures in each and the food required for efich. A copy of 
this list should be given to the butcher. It is also useful to 
make friends with the chief officer, the boatswain, and the chief 
steward, ns the two former can do much by having screens rigged 
up, moving tlie boxes or (jages to suitable places according to the- 
weather, whilst the latter can supply delicacies otherwise not 
obtainable. 


MAMMALS. 

All animals should he kept in captivity before shipment long 
enough to enable them to become accustomed to human beings- 
and to the kind of food that can be supplied to them during the 
voyage. 

No young animal that is not thoroughly weaned, nor any 
female known to be advanced in pregnancy should be shipped,, 
and great care must be taken that all animals are in good health, 
and condition. 

Stags should be sbip}>ed only when their horns are hard, and 
these should 1)6 sawn off before boxing. 

In the case of auimals larger than a squin'el it is desimhle, 
whei*ever possible, that a Veterinary certificate as to the liealth of 
eacli animal, and its ability to stand the voyage, be obtained 
before shipment. Failing such expert opinion, there should be 
a statement .sigue<l by some responsible person that the animals, 
appeared to be souinl, undamagetl, and iu good health and were 
taking their focal well. 

Boxing 

ZebroBj Antelopes^ Deer^ etc. — Strong boxes are necessary,. 
suMciently large for the animals to stand and lie down, but not 
large enough to enable them to turn round, care being taken to 
avoid pt^ojections of any kind inside the box. The roof of the 
box should be 6 inches aljove the head of the animal and the box 
be IS inches longer than the animars greatest length. The whole 
of the Imck of the box should form a slide to draw right out at the 
top and on the top or roof of the box it is necessary to have a iiinged 
flap, some 6 inches wide, whicli will lift up and allow the slide to 
be drawn out. It is essential that boxes be padded to prevent 
chafing. This padding ought not to be less than 12 inches deep^ 
and run from the point of the animars shoulder along either side 
to the badC| the centre being at shoulder^level. It is necessary 

* B»s al«o geaml notes on this subject. 

Psoo. Zooh. SOC.--1928, No. XLII. 
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ftlso for the slide at the back to bo padded to within a foot of the 
top and the bottom. 

Padding should he of strong canvas or hessian stuffed with soft 
matej ial, such as shavings or fibre, but not hay or straw (the 
importation of which is prohibited by the Ministry of Agricul- 
ture). and fastened on with staples or clout^-nails, the lower edge 
being turned in so that the nails or staples ai-e covered by the 
canvas. 

The top of the front for some 18 inches should be of 
wooden bans and have an opening 12 inches deep with hinged 
iflap to allow for feeding and watering. 

Provision must be made for feeding from the front by means 
of a manger fastened just inside the front by hooks. Mangers to 
be made movable and interchangeable with metal-lined drinking 
receptacles. The manger should be at the level of the animars 
ohest. 

Narrow battens of hard wood should be screwed transversely 
across tbe floor of the box to prevent .slipping, tbe screws to be 
well countersunk, and holes bored in the floor for drainage. 

For cleaning out the box it is necessary to have a hinged 
opening, secured with buttons, at the Iwttom of the slide in the 
rear of the box. 

TAons and Tigsrs , — For these animals tbe size of the box 
required i.s about 6 feet long, 2 feet 6 inches wide, and 4 feet high, 
very strongly built of hanl wood, with one end formed of strong 
iron bars of 1 inch diameter and 3 inches apart in the clear, l€*t 
into an iron frame forming a sliding door. A space of 3 inches 
to be left at the Ixittom for cleaning, fec^ding, and watering. The 
sides should project some 4 indies beyond the bars, to allow of 
shutters of close-fltting hoards lieing fitted, leaving a space 
of some 3 inches between the bars and tbe shutters. Holes must 
be bored in the shutters for ventilation. Such boxes require to 
be well made by experienced carpenters. 

Ijsopards^ Pumas, and the medium-sized Cats , — Similar boxes 
but proportionately smaller, with the Inu-s about 2 inches apart. 

Wolves ami Hyenas ami Wild Dogs , — Similar boxes as for 
Leopards, etc., but metal-lined, if really hard wood is not 
available. 

Bears , — Bears are usually imported when young and of small 
size. If adult tliey require a similar box to that used for a Lion, 
but it must be lined witli sheet-iron. Young animals need pix)’ 
portionately smaller boxes. 

Foa^es, SmaU CaU^ Mongooses^ Martsm^ Opossufm^ A 
stiitable sized box for each animal would be about 3 feet to 3 feet 
6 inches by 1 foot to 1 foot 6 inches wide, which will allow plentj 
of room to turn round in; a separate sleeping compartment 
should be provided. 
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WnnihaiH^ Porctfpfnes^ and other Gnawing Animals require 
boxes lined with metal. A hox of 3 feet i) inches by 2 feet by 

2 feet would be suitable for an adult Wombat or Porcupine, 

The Smaller Rodents require luetal-lined boxes in which they 
can move about freely, l)ut witli wire-netting instead of iron bars. 
A separate sleeping compartiiieiit should always be provided and 
a canvas liap to let down over the front. 

Kangaroos , — Oblong boxes aie most suitable, varying from 

3 feet to 4 feet- 0 inches in length, according to the size of the 
animal. 'I’hey should be of light wood, close- boarded, the front 
closcil halfway up, and the top half formed of wooden bars, with 
a imri’ow opening at the to]) of the back of tlie box, covered 
witb wire netting for ventilation. It is necessary to have a door 
in the lower Jialf of the front, and a canvas flap must be provided 
for lotting down over the front. Receptacles for food and water 
should be about 8 inches square. 

Anthropoid Apes, — fliese shouhl only be imported by indi- 
viduals wlio are prepare<l to give them constant personal attention. 
'Fhev refjuiro to sleep in warm boxes with lilankets or other 
coverings, ami often pine ami die unless they iiave the companion- 
ship of human laungs or otlieis of their own species. 

Adult Anthropoids of the larger species require very strong 
boxes with iron bars and sulticiently large to enable them to 
stand upright comfort alily and move freely. The ini])ortatiou 
of any adult wiid-caught (torillas or Orangs is to be discouraged. 

Single Monkeys and Lemurs^ or Pairs . — These require box- 
cages with strong wire netting, or wooden or iron bars in front, 
and with a bench at the back some 8 inches from the bottom. 
There should be a space of 2 inches at the bottom for cleaning, 
with a hinged flap, ami a door in front for feeding and watering. 
A box of 1 foot <) inches hy I foot G inches by 2 feet high, pi-ovided 
with a canvas tlap to let <lown over the front, is suitable for a 
small Monkey. 

Baboons and other Large Monkeys with Short Tails . — Similar 
boxes, pro[KM*tionattdy larger, are suiUble. 

Langurs and other Long (ailed Monkeys . — Higher boxes in 
which the shelf can be fixed not less than 18 inches from the 
ground are necessary. 

South A}fUirican Monkeys {including Marmosets ). — ^Boxes for 
these Monkeys shouhl be provided with sleeping compartments 
on a shelf or above, and they travel best when several individuals 
SLVB placed iu the same box, A Iwx 2 feet by I foot would be 
suitable for six or eight Marmosets or a pair of Squirrel 
Monkeys, 

Young Rhesus Monkeys are imported from Calcutta 

in boxes 48 inches by 30 inches by 21 inches— not more than 
twei^ty in a box. These boxes have slatted lK}ttbms, leaving a 

42 * 
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space of about 2 inches between this and the solid wooden bottom 
for cleaning purposes, the fix)nt, and a narrow strip about 1 inch 
deep at the top of the back, being wired. There is a considerable* 
trade in these Monkeys, and the Hiib-Coininittee inspected some 
of these cases containing Monkeys arriving from India, and 
considered them suitable for their purpose. 

Note. — The recommendations under this heading refer mostly 
to single animals, and the desirability, or otherwise, of carrying 
more than one animal in the same box is a matter for the 
judgment of the individual shipiw. 

Note. — A ll boxes Avhich are liable to stand on deck should be 
pro>’ided with feet or battens to allow of a space of 3 or 4 inches 
between the bottom of the box and the deck. 

Note. — In the case of all heavy boxes handrails for lifting 
should be securely bolted to the sides. 

Note. — The importation of such animals as Elephants, Hippo- 
potamus, Rhinoceros, Giraffes, Swine, and Ant-eaters is not 
specially dealt with here, as they are rarely imported and each 
case requires special arrangements. 

Food, 

QenfiraL — An amjde supply of food and bedding for the voyage 
must be placed on boar<l at the port of embarkation, and a 
margin should be allowed for delay. 

Arrangements must be made with the shipping authorities for 
the adequate stoi-age of this on the ship, and it is necessary to 
take care that only sound food is given and that it is stored in a 
dry place on board ; this applies to bedding os well as food. 

Full written instructions for feeding, watering, and cleaning 
should be £xed to the front of each box, and a copy of such 
instructions supplied to the Ship’s OiHcer and the man in charge 
of the animals. Full power should l)e given to the man in 
charge to replenish stock of food if necessary at ports of call. 
When there is a question as to the amount of food required for 
the voyage, a Veterinary Surgeon or other com[>etent person may 
be consulted. 

No butcher or other member of the crew of a ship ought to 
be expected to take charge of more tiian ten head of large animals. 
In the case of larger consignments arrangements must be made 
for adequate assistance, 

SuUabU Food for RmainanU consists of lucerne or clover-hay,, 
meadow^bay, bran, chaff, crushed oats, maize^ or other grain. 

In the Com of Carnivorous Afmnab it is an advantage when 
possible to make arrangements with the shipping company to 
supply meat from the ship’s store, otherwise a sufficient qasntity 
must be taken on board and kept in the refrigerator. The same 
applies to fruit and eggs, Mila should be taken in the form of 
condensed milk* 
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Feeding , — Caruivora need only be fed once a day, preferably in 
the late afternoon. 

Ruminants and all other animals are best fed three times a 
day — in the early morning, at noon, and in the evening. 

Watering (see also under “ General/’ p. 634). — Animals 
should, as a general rule, be watered three times a day, but more 
frequently in hot weather. Water should not be left in the cages 
after the animals have drunk. In the case of Carnivoi'a, Monkeys 
and Rodents, shallow metal receptaclej; shoukl be provided, and 
for Ruminants, metal-liiied troughs tis already described. 

All drinking'Vessels must l>e kept carefully scoured and only 
fresh, clean water used. 

Bedding . — It is advisable to supply straw or gi-ass as bedding 
for Ruminants, which should be removed every morning. 

For Kangaroos oat-chali'is most suitable. 

Soft hay should be used for all animals provided with sleeping- 
boxes. 

Note. -Where hay or straw is used o!i the vessel care should 
]>e taken that none of this is removed from the ship on arrival. 

Hygiene . — ft is necessary to clean out all boxes or cages at 
leajst once every day. On no account must they be wasb€<l out 
with sea-wa ter, and care should l>e taken that neither the animals 
nor the insifles of their boxes get wet while the decks are being 
washed, as salt water is injurious to many animals. Disinfechints, 
if used at all, must be useil very sparingly and witii great care. 

All the smaller Cats shouM l>e provide<l with shallow trays 
•containing ashes, earth, or sawtlust, which must be changed 
daily. 

Protection from ike Weather . — In hot weather a tarpaulin or 
awning stretched above the boxes, letiving an air space, adds much 
to the comfort of the animals. 

In wet, stormy, or cold weather the canvas flaps should l>e let 
down in front and the boxes prutecte<i by canvas or tarpaulins as 
far as possible. 

Teasing of the Animals. — Precautions should be taken to 
prevent passengers and crew from annoying or giving unsuitable 
food to the animals. 

Treatment on Arrival and Temporary D^rrENTiox. 

It is essential that on the amval of the ship in port animals 
shouhl be removed and taken to their temporary destination with 
the least possible delay. 

Careful handling of the cmtes and boxes cannot be too strongly 
insisted upon. 

On arrival after their journey from the docks all animals 
should be carefully examined for tiaces of disease and parasites 
h&tix external and internal, and veterinary advice should be taken 
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as to the treatment of suspicious cases. They sliould be trans- 
ferred as gently as ciicunistances permit from their travelling- 
boxes into loase-boxes or large cages, where they can rest after 
their voyage before lieing despatched to their destination. On no- 
consideration should this delicate work of transference be left to 
inexperienced hands. 

As regards ruminants, canine animals, and sw ine, thisexainina* 
tion and enforced rest are ade<|nately provided for in Great 
Britain under the Orders of the Ministry of Agriculture and 
Fisheries. As to animals which are not liable to such inspection, 
importers and customers should arrange for ex])ert inspection 
before taking delivery. 

J)ealer8 in wild animals should snp})ly instructions to pur- 
chasers as to the proper iron tnient of animals aftei- ]>iirchase. 

Great stress should be laid on the care of animals during their 
detention at the premises of the importers, and all engaged in 
the tratlic of mammals and birds should 

(a) employ in their establishments only persons who htive a 
distinct aptitinle for this particular woirk, 

(5) allow only experienced peisons to handle or transfer 
animals from one box or cage to another. 

BIBBS. 

General Hecommendations. 

Much suffering and mortality are caused to birds in transit to 
Europe through 

(1) Transhipment, 

(2) Overcrowding. 

(1) In the hints on Mammals attention has been drawn to the 
evils of transhipment, and this applies to an even greater extent 
to birds, as many more birds than mammals leach Europe only 
with transhipment. 

The greatest sufferers through transhi 2 )ment are {a) Parrots 
from South American ports which are carried by foreign lines to 
Havre and transhipjied under unsuitable conditions, and (6) 
Weavers and Waxbills >vhich are taken from Dakar (and other 
African ports) to Marseilles, whence they are sent by train and 
Channel steamer to England. 

We would suggest that as regards the Dakar trade arrange- 
ments might be made with steamers engaged in the ground-nut 
trade to bring consignments direct to home ports, or that colliers> 
which regularly take coal to Dakar from Cardiff and now return 
in ballast might carry these birds at a remunerative rate. Dealers 
in this country might be prepared to meet shipowners over this^ 
matter. 

Similar arrangements might be made from other ports. 

(2) A$ regards overcrowding many instances have been brought^ 
to our notice of disgraceful overcrowding and consequent injury 
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to birds. Tin’s particularly applies to the ** Marseilles trade.” 
Weavers, Waxbills and small Parn)ts, Love-birds, etc., receive 
very harsh treatment at the present time. 

The exact limit to numbers of any t^iven species to be placed 
in a cage of given dimensions cannot bo stated, as it dili’ere 
according to size and ofclier ci)n>idera lions. As n rough rule, in 
the case of small Weavers and Waxlnlls and Love birds, there 
should he twice as much perching space as t.herf' are birds in each 
cage. In no case should births have to settle on the backs of 
others fi’om lack of room. 

It is important to give inritten instructions to anyone placed in 
charge of consignments of birds, and ni addition a label bearing 
such instructions should bo fastened securely to the front of each 
cage. 

When large consignments are shipped it is essential that a man 
or woman should travel with the birds and give his or her entire 
attention to their care. .V European or an Indian shouhl, where 
practicable, be engaged, whose wishes may be treated with respect 
tiiose in authority on board ship. 

Birds slioidd be accustomod to captivity and thoroughly used 
to tiieir new food before being shipped. 

We are advised by Dr. Hopkinson, D.S.O., Travelling 

Commissioner in (lainbia, that much evil would be removed if the 
importation of Wt‘.st African birds were prohibited during the 
period commencing Hcptomber 1st and ending March 1st. Thia 
would prevent tlie birds being landed in the cold season, and dis- 
courage their being captured <luring the breeding season. 


Health and Condition before Shipment. 

Birds in poor health or those suft’ering from any disease should 
not be shipped, Ajiart from the cruelty entailed to the suft’erer 
there is danger of infecting the whole consignment. 

Parrots in particular are liable to contagious diseases. 

Most se€>d-eating and soft-billed birds con be shipped imine- 
diately on arrival at a port of embarkation, but Penguins must 
be kept before shipment until they will feed readily from the 
hand. 


Types of Cages Recommended. 

General, Bee Notes on “ Shape ” and Construction ” of Boxes 
(p. 635). In the case of small birds, especially soft-billed, cleen- 
liness is much more easily secured if a small mesh galvanised wire 
netting is fixed about 2 inches from the bottom of the cage. Thin 
allows the droppings to fall thi-ough and prevents the bird's feet 
and plumsge being soiled. The floors under the netting can be 
easily scraped and washed clean. 

AU Gam^-hirda should travel in boxes with fiadded tops., aa 
described hereafter, the food and water vessels being naiTow 
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receptacles made to slide in along the front of the box. Game- 
birds are liable to damage themselves in large ciates, and these 
should never be employed, 

Partrid^es^ Francolins^ and the smaller Pheasants travel well in 
boxes 2 feet by 2 feet and 12 inches high, well padded at the top, 
as these birds are liable to Jump up and injure their heads. For 
this purpose a piece of canvas stretched tightly across, making a 
false roof about 2 inches below the solid roof, is recommended. 
Otherwise this space may be filled with any soft material, such as 
hay, grass (see, however, p, 638), cotton, capoc, or such-like 
substance. 

Provision must be made for cleaning, feeding, and watering. 

A tray of suitable grit must be supplied. 

The larger Pheasants^ such as Monauls and Tragopans, are best 
shipped in separate compartments, each compartment being al)out 
15 inches by 17 inches by 23 inches. A canvas flap to let down 
over the front of each case .should be provided. 

Herons^ Egrets^ Ibises, Cranes, and similar birds travel best in 
boxes with each compartment some 2 feet s(juare and 3 feet high 
for the smaller kinds, and proportionately larger for the larger 
species. There should be a space of 6 inches to spare above their 
normal height. Such lioxes can be made of thin wood, padded 
inside the top. The front is close-boarded half-way up, witli 
wooden spars above. 

Food and water receptacles some 8 inches deep must be pro- 
vided. 

There must be a space at the bottom for cleaning. 

A canvas flap should not be omitUKl. 

Penguins require to be hand-fed throughout the voyage. Tliey 
should be kept a month in captivity before shipment. On board 
they travel best in huge shallow boxes, the lids of which can be 
opened, or in a space boarded off on the deck. They are liable to 
a highly contagious mould disease, and no bird in the least 

moping” should be shipped. 

Waterfowl, Waders, Rails, etc., travel best in boxes about 3 feet 
by 2 feet by 15 inches high (accommodating eight to ten birds), 
the front to bo of w<x)deri bars, witli a space of some 2 inches for 
cleaning. Long troughs should be provided for grain and oilier 
food, which is given in fresh water and given morning and 
evening. 

Clean straw or grass should be provided for bedding. 

The box should be washed out with fresh water each morning, 
and clean straw supplied in the evening. 

Geese require a similarly constructed box but larger in size, to 
accommodate not more than ten bitxls. 

Birds of Prey travel well in boxes made from packing eateSf 
with one side partly boarded and tiie rest filled in with wire- 
netting or wooden bars. A suitable perch must be securely fixed 
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At a heiglit which will allow a space of some 4 to 6 inches above 
the bircT’s head, and sufficient space below for its tail. An 
opening inust be piovided for cleaning, and a door for feeding 
and watering. 

Sawdust should he lightly sprinkled over the floor after 
<jleaning each day. 

Finches and Weavers , — Small foreign Finches such as Weavers 
-and Waxbills are frequently transjjorted in what .are known as 
‘^Marseilles” cages, made of thin wood, about 24 inches by 
15 inches by 8 inches, with sloping wire front. As a rule they 
travel well in these, if not overcrowded, but cages should be 
provided with w’atei* and seed troughs running along the front 
and not from front to back. 

A useful type of cage can be made from what are known as 
“Kerosine” boxes. These are 21 inches by ]4| inches by 11 
inches. One side is boarded only half-way up, the upper part 
being covered with wire-netting. A door is cut in the lower part 
of the front close to the floor, and serves for both feeding and 
cleaning. Three or four [>erches are fixed from front to back, on 
the snuie level h\it suitably spaced, at about I ^ inches from the 
floor, and only in part of the box, a space at the other end being 
left for feeding. A light canvas flap is provided for letting down 
over the front. Such cages can be made by any handy man and 
the boxes are obtainable almost anywhere. They can be success- 
fully used for many types of birds, both seed-eaters and soft-bills. 

We do not recommend the very large cages now in use by the 
trade between Dakar and Marseilles, and suggest those described 
above in their place. 

Soft-hilled Birds, Thrushes, Indian Shavms, etc, are imported 
in cages with numerous separate compartments, the number of 
which is imumterial, each compartment measuring 12 inches by 
7 inches by 7 inches, and containing one bird only. These are 
made of thin wood, the fronts only being wired. Food and water 
vessels fit into the front, and there is a space left for cleaning. 
Such cages ap{>ear to be quite satisfactory. 

Pigeons . — Ix)W box cages with padded tops ; perches some 3 or 
4 inches from the Imttom, suitable food and water receptacles, and 
a space for cleaning. 

Grit being necessary for these birds, a siiitable receptacle 
«bould be provided. 

Homhills and Toucans are best transported singly in box cages 
with suitable perches, rather deep receptacles for food and water, 
And provision for cleaning. Wooden bars in front are advisable. 
A large Hornbiil requires a strong box cage 3 feet high by 2 feet 
square. 

Jays, Magpies, Starlings Si,re best imported singly or in pairs in 
W cages with wired fronts and suitable perches. A suitable 
a pair of Jays would be 2 feet 6 inches by 1 foot 6 inches. 
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Brazilian Barrois and Auatraiian Gallaha are commercially 
imported in box cages about 3 feet 6 inciies by 2 feet 6 inches by 
18 inches, some twenty birds being placed in each box. Kot 
more tlian ten birds at the most should be caged together. 

It would appeal* to be inadvisable to cage these birds in pairs,, 
as when this is done the stronger individual is apt to prevent 
the weaker from feeding, and may subject it to constant 
“ bullying,” They travel well in single compartments of the 
box type about 12 inches square. 

A box cage 2 feet 6 inches square by 18 inches high with 
suitable pei*ches, a wired froi\t, and due provision for feeding,, 
watering, and cleaning, is suitable for ten individuals. 

Sulphur-d'eated Cockatoos are frecpiently imported under most 
unsuitable conditions, packed in large cratis without peiches. 
As they are hardy birds they receive little care and are often 
injured through overci*owding. No more than ten birds should 
be confined in the same compartment, but they are best placed 
singly. 

Perches of hard wood should always be provided and firmly 
fixed ill the box. 

A box 3 feet square by 2 feet high would accommodate ten 
birds. 

Macaws are best imported in pairs in very strong cages 
18 inches by 18 inches by 2 feet high, with a tough liard-wood 
perch. 

Small Bairots and Love-Birds, — A box cage 2 feet by 15 
inches by 15 inches is suitable for 15 Parrots of the size of 
Pio^ins or Pmocephalns, or twenty-five Love-birds {Agapornis)^ 
•Ring-necks {Palmornis)^ or Rosellas {Plaiycermts). 

The Short tailed. Lories are best sent in pairs in box cages 
12 inches by 12 inches liy 12 inches, with two perches one 
behind and aliove the other. 

Ostriches^ EinuSj Rheas, and Cassowaries require large and 
strong boxes proportioiinte to their size. Tliey should be close- 
boarded, except for tlu* top half of the front, which should liave 
wooden bars. !l'bere should be openings in tlie front about half- 
way up, in which movable food and water-vessels can be fixed on 
the inside, and a small door formed near the floor for cleaning. 

Fbbding. 

Due provision for cleaning, feeding, and watering must be 
made. The common pi*actice of covering the entire floor of 
the cages with seed, wfiicii is not replenished at least daily, is 
injurious and wasteful. Seed should be placed in a tray at one 
end of the cage only, above which no perches should he placed. 

Fresh seed should be given at least three times a day and 
clean water twice a day, and more often in hot weatheV, tlio 
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receptacles Laving been first emptied and cleaned. Water 
sbonld always be available; the practice of placing watei-trougbs 
ill the cages for a short period and taking them out again is 
a bad one. 

A supply of food suliicient to last the journey and allow of 
deUi}" due to biul weather or transbijinient must be taken on 
board. The following is suitalile for the various kinds mentioned 
below 

Food. 

Game-birds, — Grain such as wheat or dari. Green food when* 
possible, sweet potatoes, fruit. Coarse sharp grit is essential. 

Cranes* — Grain such as wheat, dari, maize, and a meal made 
of barley-meal and ground meat. 

Penguins, — Suitable fresh fish the size of herrings. 

Waders, — Finely-chopped hard-boiled egg, meat, and biscuit- 
meal. 

Ducks and Geese,- A % vain such as wheat, barley, and l>uck- 
wlieat, given in a shaliow tray with water. Sharp grit given in 
water is desirable. 

Finches and Wearers. — Millet (white and Indian) and canary- 
seed. 

Soft-hilled Birds. — Indian birds are usually iin[)orted oa 
“ Sat too,” an Jndian mixture. In Europe they are fed on a 
food consisting of hiscuit-meal, preserved yolk of egg, preserved 
ants’ mixed ^^ith heef suet. On board ship hard-boiled 

egg, ground meat, and [)ow<lered biscuits. 

7*igeons, — The larger species require wlieat and dari; the 
smaller thrive on canary and millet seed. They should alwaysr 
haVe access to clean sharp grit. 

Herons^ Ibises, Kgrets , — Chopped meat and fish. 

IlornhiUs and Toucans. — Fruit, es]>ecially bananas, grapes, 
cut-up apple, an<l Jiard-boiled egg. Hornbills also lecjuire a small 
quantity of meat. 

Jays, Magpies, Starlings. — Mince<l meat, hard-boiled eggs, 
fruit, and biscuit-meal. 

Pai^'ots . — >Sun flower-seed, canary -seed, hemp, boiled maize, 
nuts, fruit. Young birds will, as « rule, only take soft food such 
as boiled maize and soaked biscuits. If fed on <lry food they 
recpiire a i*egii|ar supply of water. 

Lories and Lorikeets require a sop made of bix)ken biscuit and' 
boiled (condensed) milk, and fruit. 

Watering. 

All birds should be supplied Avith fresh clean w^ater twice* 
a day, or more often in very hot weather. When possible they 
should be given occasionally, especially in sunlight, a shallow 
receptacle for bathing. 



•648 


MAJOR B* S. ILOWSR AND OTHERS I HINTS ON 


Storage on Board Ship. 

Cages sboulci be stacked with proper jn otyection ngainst both heat 
and cold. The habit of covering cages closely with tarpaulins in 
hot weather causes undue suffering to the occupants. It should 
be found possible to rig up an awning on deck to serve both 
purposes — shelter from sun, rain, and wind. Cages should not 
be stacked on hatclies — a bad system which occasions the birds 
being hurriedlj'^ moved when the vessel is in noit discharging or 
taking on cargo, with consequent exposure. It is not advisable 
4iO store the birds near the <lonkey-engines as the noise of these 
working causes panic to shy birds. In cold weather space should 
be found below, where air and light are forthcoming. 

Attention after Arrival. 

It is important that on the arrival of the ship birds should be 
met by the consignee and quickly removed to their destination. 

The largest importers in Great Britain — and there are very 
few — make good arrangements for the temporary detention of 
birds on tlieir premises, but we are doubtful of the conditions 
existing in the smaller shops which get their supply direct from 
the large importers. In some of these the biitis are housed in 
very cramped quarters and under miserable conditions. The 
cages are not properly cleaned and are kept in dark airless 
premises. Such conditions are even worse on the continent. 

We strongly recommend that on arrival birds should he placed 
in clean roomy cages, which should be larger than those in whieh 
they had travelled : that they should have plenty of fresh air 
and light, and warmth in the winter time. Due attention must 
be paid to regular cleaning, feeding, and watering, as we have 
recommended for birds during transit, in addition to which they 
should be given shallow trays for bathing. 

Sun-birds, Birds of Pai-adise, and Humming-birds, require the 
care of an experienced attendant. 


BEFTILES. 

General. 

In every case a tin for water should be fixed by wooden struts 
in one corner, beneath a w ii*e-gauze covered hole, through which 
it may be filled with water. Water is very necessary. It is not 
advisable in many cases to water the whole box indiscriminately. 

Travelling- boxes sijould be made of wood free from ** knots/* 
as these frequently get knocked out en rouUf and escapes hare 
been known on this account. It is also advisable in makipg air** 
holes, or leaving slits, to take babies that may be born on tbo 
voyage into consideration. We know of several cases where 
^reat trouble has been caused on a ship by the birtb, and escape, 
of baby Battlesnakes and Russeirs Yipeti* 
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Padding of boxes and tins is also necessaiy in many cases 
detailed below. Also perches to prevent undue shaking. 

If possible tins should be avoided and wooden boxes used. 
Tin is a good conductor of beat, and the temperature in receptacles 
made of that metal is subject to more sudden changes than in 
wooden boxes. 

Hexes containing reptiles should never be left standing in the 
sun. They should always be kept under cover. 

Artificial warmth is necessary in the colder latitudes. 

Parasites. 

Snakes, lizards, and tortoises often are infested with ticks 
which may multiply so ns to affect their health. It is possible to 
pick these off by hand, but the wounds left often become septic. 
The best methods are to apply paraffin to each tick, wduch 
can be conveniently done with a swab of cotton wool, or to crush 
each tick with a forceps. Either method kills the ticks, which 
soon drop off without leaving damaged spots. 

Crocodiles and Tortoises. 

These can be crated up and watered daily with a hose. No 
special drinking tin is required. Lsirge Crocodiles should be 
crated each one separately. With young ones and with small 
Tortoises and Terrapins there should be no overcrowding, and a 
door should be pro\ided for the removal of dead specimens. 

On short voyages no food is required. On long ones Crocodiles 
and Terrapins may be fed on meat, and Land Tortoises u|>on 
vegetables and some fruits, such as bananas, or even bread and 
jam. Weather and other circumstances permitting Land 
Toi’toises should from time to time he taken from their boxes 
and allowed to exercise on deck. Under such conditions the 
Tortoises will become tame enough to feed from the hand. 

Lizards. 

Water tins are very important. 

Very large Monitor Lizards should each be boxed separately. 
Where several smaller Lizjirds are packed together, diy leaves^ 
moss, and some fixed perches make a great difference in the 
amount of shaking about they will receive, as it gives them 
something to bold on to. An elaborate system of thin brushwood 
perches is an absolute necessity for ChamdeonB^ Ancles^ and 
South American Iguanas, 

Geckos of all kinds travel best in boxes made on the shelf, or 
bunk, system with a water tin on the floor, 

Chamdeons and Anoks require sprinkling with water once a 
day as they will not drink out of a dish. 

Forcible feeding is not advisable. 

Feeding on short voyages is unnecesaai-y, 

Homtors eat meat or raw eggs. 
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Iguanas ami Mastigures eat lettuce and other vegetables, 
Small Lizards, Chameleons, and Geckos as a rule eat insects, 
and will generally ttike ship’s cockroaches of suitable size* 

All Lizards (excepting the Heloderm)%.vB non-poisonousand can 
be handled and kept clean if re<piired. (Very large Lizards give 
bad bites and scratches, but small ones are harmless.) 

Regarding boxes. Wire, etc., should be avoided inside the cage 
of excitable Lizards likely to hurt their noses in trying to get out. 
Mosquito netting stretched tight inside the cage in front of the 
wire will prevent such injuries. 

It is important to keep all boxes warm as soon as colder lati- 
tudes are reached. 


Snakes. 

Most of the rules laid down for Lizards also apply to Hnakes. 

Water is important, and gootl, well-made boxes. Also fixed 
brushwood perches in the case of all small, fi-agile, or arboreal 
specimens. 

As some Hnakes are poisonous, none should be unpacked or 
liandled on the voyage, and water should be poured into the 
water tins through a wire-gauze window. It is best not to pack 
many together on account of deaths. 

When poisonous Snakes are sent tlie box should be covered 
outside with wire gauze, and where there is a wire-gauze top this 
should Ik? double, and the two layers at least one inch apart to 
prevent risks of bites, Spitting Cobras should be further covered 
(over any wiring) with sacking. All should be labelled as to 
contents. 

Large Pythons and Anacondas and Corais Snakes of America 
have easily damaged noses and soft skins. In their case no wire 
should be used. Simple ci acks and slits should be left for air, 
and the boxes should be w^ell padded inside witli hay (but see 
p. 638) and sacking or felt. This might well apply to any Snake 
which looks smootli and shiny rather than rougli. 

In the case of short journeys— ten days or less— snakes will 
travel in comfort in large bag.s, each snake in a separate bag, 
made of some material that allows for the free passage of air, the 
bags being placed inside wooden lM>xes. 

It is unnecessary and inadvisable to feed Snakes on a voyage. 
Long fasts do not injure them. 


BAIRACHIANS. 

Frogs, Toads, Newts, and Sammanders. 

The whole of these are harmless and insectivorous. They do 
not drink. There is one essential factor in sending tltem for any 
distance alive. They must always be kept damp or they are 
unable to breathe through their skins, and soon dry up and die. 
To maintain a moist atmosphere damp white blotting-paper 
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-cruslieil into balls, or damp sponges are useful. It is convenient 
to tie the sponge to a piece of string attaclied to a perforated 
aperture in the roof of the box. The sponges can thus be easily 
got at for moistening. Moss, except for short journeys, is apt to 
go foul and cannot be relied upon. 

Very large Frogs (Bull-frogs, etc.) require special treatment. 
They jump and wear away their noses on the lids of travelling- 
<jans, etc. They should be pa-cked in wooden tubs with sacking 
covers, and 2 inches of fresh water at the bottom, changed wlien 
foul. Dead frogs should he removed (and if rare put in ice). 

If air-holes are bored in a tin they should always be pierced 
from inside, out,*so tliat there are no shai’p edges. 

Forcible feeding is dangerous, a ml food is unnecessary. But 
small cockroaches and flies can he given. 


FISH. 

Carriers , — A plentiful water .surface is essentia] for the well- 
being of all fish, which shonld he transported in vessels wliich are 
broad ratber than deep. Thus a milk-churn is not a suitable 
-carrier, in tlie case of marine fish a discreet choice of the 
metals used in the inaiinfacture of the travelling-tanks must be 
made, for if copper oi* zinc come into contact with tlie sea-water 
the inhabitants are s[)eeflily poisoned. The most suitable tanks 
for transporting marine sj^ecimens are those manufactured of 
sejusonetl wood or of iron lined with enamel or fired with 
hitumastic, A gooil type of carrier is one in wliich a grid of 
perforated metal is fixed, about 3 inches from the bottom, forming 
a false bottom. The excretory products will sink, and this false 
bottom will prevent the fish from lying in or disturbing the 
harmful products. 

Water . — The water in the travelling containers must be clear 
and pure. Old water should, if possible, be used, and therefore 
it is l>est not to chaiige the w’ater unless there is danger of it 
becoming foul. Distil let! water and salt water condensed, as often 
obtainable on boanl ship, are injurious to fish. 

Preparing Fish for a Journey . — Fish should be prepared fora 
journey by being starved for four or five days. This gets them 
into travelling condition and prevents them from fouling the 
water in the containers in transit. 

Nmnhers. — The wages of overcrowding, especially on long 
journeys, are death. It is a sound rule to allow one gallon of 
water for every inch of fish. (To find the gallon capacity, 
multiply the length, breadth, and height of the container together 
in inches, and divide the result by 231), If ** regrettable inci- 
dents are to be avoided on no account must harmless fish such 
as carp or tench be placed in the same tank with such aggreiteive 
45 arnivorous feeders as perch or pike. 
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Temperatures. — Aj^wirt from overcrowding sudden changes in 
tempeiuture are tiie cliief causes of misfortune on the voyage. 
To submit fish to sudden changes in temperature either by 
changitjg t lie position of the tanks from a hot locality to a cool 
one or vice versd^ or by adding large quantities of warmer or 
colder water, is almost certain to encourage fungus {Saproleynia)^. 
congestion of the gills, and other usually fatal diseases. Care 
should be taken to ensure that the travelling-tank is not placed 
in a position where it receives direct sunshine. 

The consignment of temperate fish in warm weather should be 
avoided if possible. If necesvsary to do so the temperature may 
be reduced by allowing the water from melting ice to drip through 
the perforations in the lid of the carrier. A lump of ice as large 
as a coco-nut and wrfipped in a towel to prevent too-rapid 
melting will keep 20 gallons of water cool in very hot weather 
for five or six hours. 

Tropical fish must usually be kept at a comparatively high 
temperature — 70^-80®. Such temperatures may be maintained 
on short journeys by wrapping hot-water bottles round the 
carriers, or by adding at intervals small quantities of very hot 
water from a thermos flask. On board ship there should be no 
difficulty, as the temperature may be maintained by keeping the 
containers in the neighbourhood of heated pii^»cs. 

Aeration , — In the case of goldfish, carp, tench, and other fish 
inliabiting still water no .special steps need be taken to aerate or 
change the water in the containers provided the journey is one of 
less than houis, and that the temi>erature is lielow 65^^' F. In 
the case of long journeys, fish, especially marine forms and those 
inhabiting running water, should be accompanied and the water 
aerated with a pump at frequent intervals. A small electric 
pump driving a small compressor and receivirjg its current from a 
lighting-point is excellent for use on board ship. -Care should be 
taken to ensure that the voltage and current of the motor agree 
with those of the lighting on l>oard the ship. Trout and other 
fish requiring very much aeration may be successfully consigned 
long distances in closed cans with oxygen chambers. The can is 
first filled with water and tlie oxygen is passed into the chamber 
by means of a flexible tube connected to the oxygen cylinder. 
The oxygen forces out the water from the chamber and replaces it*. 

Food . — Fish are capable of fasting for very long periods and 
should not be fed on journeys of less than a fortnight's dumtion. 
On longer voyages they may be offered very finely minced liver 
and heart. Members of the carp family will enjoy unsweetened 
biscuit and lettuce. Discarded fragments of food and other foul 
matter must not be allowed to remain in the tank. They may be 
removed by means of a rubber syphou-pipe, one end of wnidb 
should be run over the bottom so that it sucks up all wasto 
matter in the manner of the household vacuum-'cleaner. 
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EXHIBITIONS 4ND NOTICES. 

Marcli SOth, 1928. 

Miijor S. S. Flower, O.FJ.E., Vice-President, 
in the Chair. 

Tlie Secretary read the following Ke{>ort on the Additions to 
the Society’s Menagerie during the month of February, 1928: — 

The registered additions to the Society’s Menagerie during 
the month of February were 58 in number. Of these 28 were 
acquired by presentsition, 18 were purchased, 6 were deposited, 
2 were receive<l in exchange, and 4 were born in the Menagerie. 

The following may he specially mentioned : — 

2 (lira lies {Giraffa Camelopardalis)^ d ?» from Southern 
Kiiodesia, deposited on February 20tli. 


The Secretary exhibited, and made remarks upon, a series of 
Photographs of the Detroit Zoological Gardens. 


April 3rd, 1928. 

Prof. E. W. MacBride, F.R.S., Vice-President, 
in the Chair. 

Mi.‘*s E. M. Brown (Aquarium Research Fellow) exhibited, 
and inatle remarks upon, a Fluke (Mia^ocotyle sp.) from the Gills 
of the Sea Bream {Pagellm cenirodontua). 


Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, specimens of Trapdoor-Spiders’ nests fi*om Queensland, 
and a female Huntsman Spider {Hetaapoda veneUorim) with her 
egg-cocoon. 


Mr. D. Seth-Smith, P.Z.S., exhibited, and made remarks upon, 
(1) a lead-pipe gnawed by mice, and (2) photographs of the 
S^iety*s Hew Bird House. 

Mr. E. O* Boulenobr, F.Z.8., exhibited, and made remarks 
upon, living specimens of the Toad, Hpa amerkana. 

JPi&i(3iio<9 Zobini Np* 
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Major S. S. Flower, O.B.E., F.Z.S., exhibited a living 
specimen of the Great African Tortoise {TeHiido a'tdocUa) to 
show : — (1) rate of growth, and (2) the tooth-like processes of the 
homy jaw. Major Flower stated that newly-hatched individuals 


Text-figure 1. 



Tegtudo tulcata. Carapace, natural size, of iottoiso on tlie dH> it hatched 
from the 

Text-figure 2. 



have a carapa^ about 50 tnm. in lengyi by about A7 mm. 
in extreme width. The individual exhibited (text^flg. 2), a 
male, was batched in the Giaa Zoological Gardens, S^ypt* on 
October 5th, 1910; on March 29th, r928titw«%b^ fol lbs., 
end mwured 90 inobes in length. 
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Mr. D. Sisth-Smith, F.Z.S., communicated the following 
“ Note on Nkosi Island and its Sitatunga {Trageh/phuB 8p$kii\'* 
by Captain 0. li. S. Pitmak, D.S.O., M.C., C.M.Z.S, 

Note ok Nkosi Island and its Sitatunga 
{Tragelaphus apekii). 

It was only possible to make a brief visit lasting four hours on 
the 9th of April, 1927, but, owing to the fact that the island is 
not much more than 1^ miles in length and only a few hundred 
yards in breadth, while there is little restriction of movement 
owing to the depreciations of the buck, it was not di6^cult to 
make a fairly comprehensive survey of the sitatunga, 

As one approacdies Nkosi from the lake there is nothing to 
suggest that it should differ from the typical forest-clad islets of 
the group — and dense green foliage apparently extends right 
down to and overhangs the water’s edge. 

The only convenient landing place is on the N.W. side of the 
southern extremity, and it must be borne in mind that it is only 
possible to visit the island in fair w^eather. 

One had scarcely entered the cover of the island before one 
realised that though the sitatunga can be held responsible for a 
geuei*al abneuce of foliage from the ground-level to as high as 
they can reach when standing on their hind legs, there is another 
factor whicli creates havocs amongst the trees, especially the larger 
ones, and that is water-spouts and hurricane-like gales, which, 
judging from appearances, are evidently of frequent occurrence. 
Of the huge forest giants there are but few left standing — the 
majority, and especially at the southern end, are lying flat; not 
only that, the appearence of the tops of the taller and larger 
trees would almost lead one to believe that they had been 
subjected to severe shell Are, and on the ground beneath lies 
a tangle of bi-anches and shattered limbs. 

I was accompanied by an Oflicer of the K. A. Rifles, the 
possessor of a useful pocket cinematogi*aph camera ; six natives 
were also landed to act as beaters. 

The island towards the centre narrows to less than one hundred 
and fifty yards in width— an excellent place from which to 
observe driven animals, as there is a high central ridge with a 
sharp drop and bare ground to the lake edge on one side, and 
a thicket-covered slope on the other. The buck when disturbed 
move along between the ridge and the thicket or through the 
thicket. 

As the lack of time precluded the possibility of searching for 
other landing*jplaoes on the island, and as it was soon realised 
that the mh|onty of the buck were con«^ntraied at the northern 
end where the cover was extiamely dense, the modus operandi 
was to leave the camera expert at the neck and move northerly 
along the 8,E« edge of the island with the beaters, disturbing as 
few aitatonga as possihle, and, flnallyi to extend a line of men 
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(only seven of us all told) from shore to shore and quietly drive 
the buck towards the watcher. 

Tliis plan would have worked admirably but for the fact that, 
in typical native fashion, three of the beatei*s lagged behind and 
became hopelessly lost, and these were responsible for generally 
disturbing the sitatunga and causing some dozens to break back 
in the course of the beat. 

It was estimated that there must be fully one liundred and 
fifty sitatunga on the island. More than forty passed the 
camera ; at least thirty went ahead of our party into the dense 
cover of the northern end and were not included in the drive ; 
just under fifty animals were observefl to break back; and it can 
he accepted that many of the island’s inhabitants were not seen, 
and thirty is not likely to be an overestimate of that number. 

Sitatunga were observed slinking away from us in the cover 
within a few minutes of setting foot on the island. It was 
noticeable that the animals preferred to move by easy paths or 
broad lanes through the cover and avoided the tracks which lead 
through a toiigle of creepers and dense bush. 

One of the lii*st males put up was startled out of a thicket and 
crashed away uttering a muffled bark not unlike the grunt of a 
pig. This bark was heard on two other occasions, once a sharp, 
staccato sound evidently emanating from a female. 

The colour of the males is greyish — almost the grey of a 
donkey; many heads were observed over 24 inches in length, and 
at least three must have taped fully 28 inches. The marked 
preponderance of males struck both my companion and myself, 
and may be explained by the fact that it was evidently the season 
at which the young are dix)pped, and possibly the expectant 
females were concealed in the dense thickets at the northern end. 
Of tlie forty odd animals which |»assed the camera the inajoxdty 
were bucks, and experience in the beat tended to show that it 
was members of this sex which were continually breaking back. 

Particular notice was taken of the general appeanmee of the 
sitatunga, and though in a few individuals the build was slighter 
than in others, one cannot claim that the creatures appear^ ill- 
nurtured or exhibited any marked thinness. At present this 
race appears healthy enough and capable of repri^ action, as 
testified by the presence of numerous juveniles, some only just 
dropped and the size of tiny kids. 

Major Meinertzhagen has referred to the extrexue tameness 
of the sitatunga on Nkosi. From my own experience tbese 
antelopes are t^day in no whit more shy, and time and again 
individuals stood and looked at me from a distance of a few mt* 
In several instances hand^olapplng and sfaeuting produced no 
effect, and X saw one of the beaters hit one buxS: several times 
with a stick before he could turn it and drive it in front ol him. 
This exhibition of boldnesewas idmestwhoUy confin^ed to ttie 
males, and the females were noticeably / 

The tiny juveniles were dei%bt|ttl nbtle crealmes, 
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rufous in colour and apparently spotted wlute. Adult females 
are also rufous, but on them I failed to detect any markings* 

The above gives the situation on Nkosi as I found it in April, 
1927. 

In this connection arise two points of great importance. 

One is normal increase and the other is wastage. 

Of the approximate total of 1 20 animals seen some seventy were 
tnales, thirty>iive females, and fifteen juveniles. 

If one reckons the annual increase at forty (probably far below 
the actual figure), it would appear that within a few years, Nkosi, 
which is about 200 acres in extent, would resemble a cattle-pen. 

This brings me to the question of wastage, and the only theory 
that I can propound in the matter is that crocodiles probably take 
a steady toll of the four-footed inhabitants of the island, while 
casualties in tropical storms may be more numerous than one 
would imagine and crocodiles would speadily dispose of the 
remains. I also noticed portions of the sloughed skin of a 
python which would indicate another source of mortality. 

It might not be out of place to make a few observations on the 
general aspect. 

These sitatunga presumably reached Nkosi by water, though it 
is curious that the species is not found on the neighbouring islets 
of Buguye, Kiriigu, anil Kuye, and one must go to Fumve and 
Ngabu, fifteen miles distant, to find its nearest habitat. 

Nkosi, being the southernmost of the Sese group, is exposed to 
the full fury of the open lake and its frequent tropical storms. 

There is no papyrus, no swamps, no secluded I’eedy bays — only 
a rocky foreshore and rough water — a more unsuitable habitat 
f )r the sitatunga one could hai*dly conceive. 

If these antelopes were desirous of U\king to the water, they 
w'ouid be forced out at once by its roughness and by tlie presence 
of crocodiles, and 1 consider that these are just as important 
factors in deciding their mo»le of life which previously has been 
suggested as attributable to the absence of man. 


Mr. 0. F. M. SwiNNKKTON, C.M.Z.S., exhibited, and made 
remarks upon, photographs showing forest undergmwth cleared 
by the browsing of Sitatunga. 


Mr. li). SiSTH-SiirrH, F.Z.S., exhibited photographs of a 
Pangolin, and gave an account of a specimen that bad been 
captured by Oaptain 0. R. S. Pitman, and had lived for a shcnt 
time in captav%* 
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Prof. J. P. Hill, P.R.S., Viei^- President, 
iu the Chair. 

The Secbetary read the following Report on the Additions 
to tlie Society's Menagerie during the month of Mai*ch, 1928 : — 

The registered additions to the Society's Menagerie during 
the month of March were 271 in number. Of these 118 were 
acfjuireil by presentation, 126 were purchased, 23 were deposited, 
and 4 were received in exchange. 

The following may be specially mentioned : — 

1 Lech we Antelope {CohuB hche)^ rf, from South Africa, 
received in exchange on March 3rd. 

6 Triton Hamsters triton)^ from Shantung Province, 

China, new to the Collection, presented by Prof. E. Ilindle, 
F.Z.S., on March 8th. 

4 Ceylonese Jungle- fowl (Gallus lafayettei)^ presented by 
W. Shakspeare, E*'q., on March 9tb. 

Collections of foreign birds, presented by Alfred Ezra, Esq., 
O.B.E,, on March 2nd, 20th, and 23rd ; and by Captain H. H. 
Stokes, M.C., on March 9tb, 2lBt, and 3()th. 

A large Salmon solar), from Tavistock, presented by 

the President, His Grace the Duke of Bedford, K.G., on March 
18th. 


Mr. Clakenoe Elliott, exhibited, and made remarks upon, (1) 
specimens of Giant Barnacles from Chile, and (2) a living 
specimen of a Giant Tortoise ( Tesitulo viicrophye8)tvom Albemarle 
Island (Galajmgos Islands). 


Notes on Gigantic Land Tortoises. 

Lord Rothschild, D.Hc,, F.R.S., P.Z.S., exhibited photographs 
and skulls, and made the following communication on Gigantic 
Land Totiioises : — 

The Giant Land Tortoises of recent times were divided into 
three sections by Dr. Albert Gunther as follows. 

1. Nuchal plate present; third cervical vertebra biconvex; 
gular double. Seychelles — Madagascar — Aldabra races. 

2« Nuchal plate al)8ent ; fourth cervical vertebra biconvex ; 
gular double. Galapagos races. 

3. Nuchal plate absent; fomdh cervical vertebra biooBvex ; 
gular single. Mascarene races. 

This classification holds good to-day in spite of ssfvearal attempts 
to upset it. Of living and extinct species of No, i sectm there 
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are seven named forms, of which grmdidieri VailL, abmpta 
Grand, are fossil (or subfossil) from Madagascar ; elephcmUna and 
daudinii Dum. & Bibr. from N, k S. Aldabra respectively; 
and gigantea Schweig., gouffil Rothsch., and mimirti ^uz. were 
inhabitants of three islands of the Seychelles group. Of No. 3 
group 1 1 forms have been distinguished, one of which (micro- 
tympanum Boul.) is altogether doubtful (probably skull of 
lepioctumiB)^ and afrieana Schweigssgmw Dum. & Bibr, only 
doubtfully belongs to the Giant Tortoises and is also of very 
doubtful origin. 

Of the remaining nine, indica Schneid. is from Reunion : 
voamcceri Schoepff, peltaatea Dum. & Bibr,, and commeraoni Vaill. 
are from Rodriguez ; and inepta Giinth,, triaerrata Giinth., 
aauzieri Gadow, lepiocnemia Giinth., and gadowi Van Denb. are 
from Mauritius, but gadoid belongs with its forked gular to a 
quite different older geological horizon. All the nine more 
recent Mascareno Giant Tortoises were exterminated before 
1880. 

Of No. 1 group elephantina from N. Aldabra is quite extinct 
in a wild state, but a few daudinii are still left on S. Aldabra. 
On the Seychelles all indigenous species are new extinct, but a 
large number of ehphantina, gigantea^ and daudinii are kept 
there in a semi-domestic condition together with numerous 
resultant hybrids. 

The tortoise exhibited to-night is one of No. 2 group and 
belongs to the Central Albemarle form Teatudo microphyaa 
Gunth. (probably from Iguana Cove), and is undoubtedly one of 
the laigest, if not the largest, surviving example of the Galapagos 
Giant tortoises. It weighs 380 lbs. (2^ cwt), and the carapace 
measures 38 inches in length in a straight line, and 48 inches 
over the curve, and 28 inches in width between uprights, and 
48 over the curve. It is almost exactly the same size as the 
largest mia^ophyea from Cape Rose formerly exhibited in the 
Society’s GaK'dens, whose dimensions were 38| inches, 46 inches, 
28|i inches, and 43 j inches. 

Of this group 13 forms have received names and descriptions, 
viz., dcina Giinth., S.W. Albemaide; gtintheri Baur., S.E. 
Albemarle; mkropdiyaa Giinth., Central W. Albemarle, and 
hecki Rothsch., N. Albemarle; uxMacai Rothsch., Jervis Island ; 
nigrita Dum. Bibr., Indefatigable Island ; darwini Van Denb., 
James Island ; galapagcenaia Baur, Charles Island ; ehaikammaia 
Van Denb., Chatham Island ; lloocfetmsVan Denb., Hood Island ; 
aphippivm Giinth., Duncan Island ; jpAantos^tca Van Denb., 
Narborougfa Island; and abingdoni Giinth., Abingdon Island. 
Of these gahpagcenaiaf aUngdmit aphippiwm^ phaniaatim^ and 
hadki are a^dle*badzed races (i. e., have the carapace shaped like 
a Spanish saddle). 

Of &e 18 races of gtoups Nos. 1 mA 2, 12 races have been 
exhibited at various times in the Society’s Gardens, vis., of 
No. 1 daphmibimf gigmiea^ atfmatm, 
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and of group No. 2 abrngdoni^ ephippmm^ beokif darwm% mioro^ 
pkyes^ gUntheri, and vioim. 

By far the largest three examples of these were (1) the large 
male darwini^ of which the carapace measures in length 48| inches 
in a straight line and 56|| over the curve, and 84| inches in width 
l>etween uprights and 62 inches over curve ; (2) the large male 
T. vicina 46 inches in a straight line and 59 inches over tlm curve, 
and 38 inches wide between uprights and 62 inches over curve ; 
and (3) the large male daudinii in which the carapace had a 
straight length of 52| inches and 66 inches over curve ; a width 
between uprights of 3G| inches nnd 61 inches over curve; and a 
weight of 560 lbs. i'his is the largest known recent land 
tortoise. 

Lord Eothscliild exhibited also the life-sized photographs of 
the above-mentioned TtsUkdo darwini and T. daudinii as being 
the largest known Galapagos and Aldabra tortoises respectively. 
He also exhibited the skull of the T. darwini^ one of a large 
45|J inch elephantina hybrid, and one of 2\ inmpta from Mauritius, 
to show the flat skull with protruding fore part of the Galapngos 
races as opposed to the more bombiform skull, truncated in iront, 
of the Aldabra races and the very narrow skull with protruding 
fore part of the Mascarene races. 

P.S. — The typo example of T, becki Rothscb. and an example 
of T* vidni Giinth. in the British Museum have the 3rd cervical 
vertebra biconvex ; but this apparently is quite accidental, and 
it holds good in the vast majority of cases that the 4th cervical 
is biconvex in tlie Galapagos Island races. 

It has recently also come to light that the original type- 
specimen of T, microphyea is rather diflferent from the series 
brought back by Oominander Oookson and referred to this i*nce 
by Dr. Gunther ; in fact, tested by Van Denburg’s formula, it is 
a small guntheri Baur. Should this definitely be confirmed the 
Central Albemarle toi*toise will require a new name or else Ix' 
called maerophyes Garman. 


[^Froceedings,' 1928, Part I. (pp. 1-268), was 
published on April IBtk, 1628.j 
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nigritai 360. 

opalipennii, 360. 

pmtarznissa, tp. a., 361. 

subtesaellata^ 360, 

irivittataf 361. 

Nyetei'eute» procyonoidea^ 146. 

(kiopua {Macroctojm) maorum^ 258. 
Oniseua aaelUiBt 684. 

Opiiithoc<ymu8, 213. 

(}rnithofuchu8j 228. 

Orodeamua ornatns, 126. 

Orokatea walhcd, 134. 

OrihtHa urtica, 269. 

Oiocyon megalotia (x. e. i.), 265. 
OxyguaChna ornatua, 58. 

Pagtllua antrodontm^ 653. 
l^aguma larvata yamalia, 145. 
Paracyelopa eopma, «p. a., 322. 
Paradosmrm birmanikua, 145. 

Pardictia pardMor, 146. 

!*9r4$ay$Aia rufbetnuh, 688. 
Pkaaodatfoioa oiaeroua (a a l.), 266. 
Phaiagaa eraaaimaadBda, 150. 

Pkdida magmafkaak w. jMMMte, 
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ABSTRACT OF THE PROCEEDINGS 


OF THE 


ZOOLOGICAL SOCIETY OF LONDON.' 

February 7tb, 1928. 


Prof. J . P. Hill, F.R.S., Vice-President, 
in the Chair. 


The Secbbtart read a Report on the Additions to the Society’s 
Menagerie during the months of October, November, December, 
1927, and January, 1928. 

Mr. D. Seth-Shith, F.Z.S., exhibited, and made remarks upon, 
a living specimen of a Blue Variety of the Masked Love-bird 
(Agapomia peraonata) and the skin of an abnormal Qouldian 
Grass- Finch {Poephila gouldias) displaying hermaphrodite charac- 
ters. 


Major S. S. Flower, O.B.E., F.Z.S., exhibited three photo- 
graphs taken by Mr. Geoffi^ey O. Flower in the Red Sea. Two 
were of a young Arabian Gaselle, OasiMa arahioa^ from Farsan 
Island, the type-locality of the species; and one of a Flat 
Lobster, Seyllarua sp*, which had weighed about 3|| lbs. 


* This Abstract is published by the Society at its offices, 2oologiesl Gardens, 
Begent's Park, N.W., on the Tuesday following the date of Meeting to wbi^di 
it refers. It will be issued, along with ih» * Proceedings,* free of extra charm 
to idl F^ws who subscribe to Idie Publioations ; but it may be obtained on the 
day of publication at the price of or, if dedhad, sent post-free for 

the sum of Bi» SkUhaga amtm, payable in advance* 
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Dr. P. R. Lowe, F.Z.8., gave a remm^ of his paper Studies 
and Obser\rations bearing on the Phylogeny of the Ostrich 
and its Allies.’’ 


Mr. S. ZuoKERMAN, M.A., the Society’s Anatomist, communi- 
cated his paper on ‘‘ The Age-changes in the Chimpanzee, with 
special reference to Growth of Brain, Eruption of Teeth, and 
Estimate of Age, with a Note on the Taungs Ape.” 


In the absence of the Authors, the following Paper was taken 
as read F. F. Laidlaw, M. A., F.Z.S., and H. Campion, “ Notes 
on Oriental Dragonflies (Odonata) with Descriptions of New 
Species.” 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, February 21st, 1927, at 5.30 p.m., when the 
following Communications will be made : — 

The Hon. Ivor Montagu, F.Z.S. 

Exhibition of photographs of the Moscow Zoological Gardens* 


G. C. Robson, M*A., F.Z.S* 

Observations on the Oviposiiion of Octopus, 


Prof. D* M* S. Watson, F.R.S,, F.Z.S* 

On some Points in the Structure of Palieoniscid and allied 
Fish. 


Onproto Thomas, F.B.S., F.Z.8* 

The Delaoour Exploration of French Indo-China Mammals^ 
II. Qn Mamifkals ^llected during the Winter of }926«-27, . 
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S« Maulik. RZ.8 . 

New Chrysooielid Beetles from India, with a Note on the 
Scales of Ooleoptera. 


The following Papers have been received : — 

H, Harold Scott, F.KC.P S,, F.Z.S. 

Report on the Deaths occurring in the Society's Gardens 
during the year 1927. 

H. Harold Scott, M.D.. F.R.O.P., F.Z.S . 

Oarcinoina of the Tonsil in a Common Wolf (Cani$ lupus). 

Major M. CoyKOLLY. 

On a Collection of Land and Freshwater Mollusca from 
Southern Abyssinia. 

Enid K. Sikes, B.Sc. 

The External Morphology and Life-history of the Coceid 
Bug Orthezia urticce Linn. 

IL C. James, B.Sc., Ph.D., N.D.A., N.D.l). 

On the Post-Embryonic Development of the Female 
Genitalia and of other Structures in tlie Chalcidoid Insect 
Harmolita yraviinicola Gir. 

Dorothy J, Jackson. 

The Biology of Dinocampus {Perilitus) rutilus Ness, a 
Braconid Parasite of Sitona lineata Linn. 

Marie V. Lebour, D.Sc., F.Z.8. 

The Larval Stages of the Plymouth Brachyura. 

A Further Series of Reports on the Zoological Results of the 
Cambridge Expedition to the Suez Canal, 1924, by Prof. 
Arturo Palombi, Dr. A. Schbllbnberg, and F. A. Potts, 
M.A. 


H. A. Harris, F.Z.S . 

The Closure of the Cranial Sutures in relation to the Evo- 
lution of the Cortex Cerebri and Aphasia. 
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The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
cost of paper and printing. Papers should be condensed and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Secretary, Zool. See. 

ZOOLOOIOAL SOGIETT OF LONDOK, 

Rwjbnt’s Pabk, London, N.W. 8, 

Ftbrua/ry 14f4, 1928. 
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ABSTRACT OF THE PROCEEDINGS 


or THE 


ZOOLOGICAL SOCIETY OF LONDON.* 


February 2l8t, 1928. 


Major S. S. Flowee, Vice-President, 

in the Chair. 


Dr. G. M. Vevbks and Mr. L. C. Bushby exhibited, and made 
remarks upon, specimens of the Mitten Crab (Eriocheir japoni’ 
cum). 

The Hon. Ivoe Moktagu, F.Z.S., exhibited, and made remarks 
upon, a series of photographs taken during a recent visit to the 
Moscow Zoological Gardens. 

Mr. G. C. Eobson, M.A., F.Z.S., exhibited a series of lantern- 
slides illustrating his remarks upon ** Some Observations on the 
Oviposition of OciopusP 

Prof. D. M. S. Watson, F.E.S., F.Z.S., communicated his 
paper On some Points in the Structure of Palseoniscid and 
allied Fish.” 


* This Abstract is published hj the Society at its offices, Zoological Gardens, 

Begent*! Park, K.W., on the Tumay following the date of Meeting to which 
it tefera. It will he isaned, along with the ^ Proceedings/ free of extia ihai|*e, 
to all Fellows who suhecribe to the Pablieations ; but it may be obtained on the 
day of publication at the price of jSiipsiics, or, if desired, sent poat*hree for 
the witn of SkMUngg per annum, payable in adaaaee. 
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In the absence of the Authors the following Papers were 
taken as read Oldfield Thomas, F.R.S., F.Z.S., ^‘TheDolacour 
Exploration of French Indo-China. — Mammals. II. On Mam- 
mals collected during the Winter of 1926-27^'; S. Maulik, 
F.Z.S., “New Chrysomelid Beetles from India, with a Note on 
the Scales of Ooleptera.” 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, March 6th, 1928, at 5.30 p.m., when the 
following Communications will be made : — 

H. Harold Scott, M.D., F.R.O.P., F.Z.S. 

Report on the Deaths occurring in the Society’s Gardens 
during the year 1927. 

H. Harold Scott, M.D., F.R.O.P., F.Z.S. 

Caz’cinoma of the Tonsil in a Common Wolf (Cania lupus). 

Major M. Connolly. 

On a Collection of Land and Freshwater Mollusca from 
Southern Abyssinia. 

Enid K. Sikes, B.Sc . 

The External Morphology and Life-history of the Coccid 
Bug (Hhssiia uHicm Linn. 


The following Papers have been received : — 

H. C. James, B.Sc., Ph.D., N.D.A., N.D.D . 

On the Post-Embryonic Development of the Female 
Genitalia and of other Structures in the Chaloidoid Insect 
HarmolUa graminxecla Gir. 

Dobothy J. Jackson. 

The Biology of Dimeempm {PmtUm) rutiias Kepi^ a 
Braoonid Parasite of Itnscnls Linn. 
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Marib V. Lebour, D.Sc., F.Z.S. 

The Larval Stages of the Plymouth Brachyura. 

A Further Series of Reports on the Zoological Results of the 
Cambridge Expedition to the Suez Canal, 1924, by Prof. 
Arturo Palombi, Dr. A. Schbllbnbero, and F. A. Potts, 
M.A. 

G. C. Robson, M.A., F.Z.S . 

On the Giant Octopus of New Zealand. 


The Publication Committee desire to call the attention of 
those who propose to oflfer Papers to the Society, to the great 
cost of paper and printing. Papers should be condensed and 
be limit^ so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Secretary^ ZooL Soc. 

Zoological Society of London, 

Regent’s Park, London, N.W. 8. 

February 28<A, 1928. 
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ABSTRACT OF THE PROCEEDINGS 


OK TUK 

ZOOLOeiCAL SOCIE'IT 01’ LONDON.* 

March 6th, 1928. 


Prof. E. W. Mac Bride, F.R.S., Vice-President, 
in the Chair. 


The Hecretarv communicated a short “Note on Uganda 
Gorillas,” by 0, W. Chorley, F.Z.8. 

Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, a series of Cinematograph Films taken in the Society's 
Gardens, 

Dr. H. H. Scott, F.R.C.P. Lond., F.Z.S., communicated his 
“ Report on the Deaths occurring in the Society’s Gardens during 
the Year 1927,” and gave a resume of his paper on “ Carcinoma 
of the Tonsil in a Common Wolf {Canis lupusy*' 

Miss Enid K. Sikes, B.Sc., gave a rSsume of her paper on 
“ The External Morphology and Life-history of the Coccid Bug 
Othezia urliccs Linn.” 

In the absence of the Author, Major M. Connolly's paper, “ On 
a Collection of Laud and Freshwater Mollusca from Southern 
Abyssinia,” was taken as read. 


* Thifi Abstract is published by theSooietjr at its offices, Zoological Gardens, 

Begent’s Park, N.W., ou the Tuesday following the date* of Meeting to which 
it r^rti It will be issued, along with the * Proeeedi^,’ hree of extra charae, 
to all Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpence, or, if desired, sent poft**hree ibr 
the sum of Sist per annum, payable in advauee. 
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1!! The next Meeting of the Society for Scientific Business will 
be held on Tuesday, March 20th, 1928, at 6.30 p.m., when the 
following Communications will be made : — 

The SfiCRETABY. 

Eeport on the Additions to the Society’s Menagerie during 
the month of February, 1928. 

G. C. Robson, M.A., F.Z.S. 

On the Giant Octopus of New Zealand. 

H. Harold Scott, M.D., F.B.G.P., F.Z.S. 

Tuberculosis in Marsupials. 

H. g James, B.Sc., Ph.D., N.D.A., N.D.D. 

On the Post-Embryonic Development of the Female 
Genitalia and of other Structures in the Chalcidoid Insect 
Harmolita graminicola Gir. 

Dorothy J. Jackson. 

The Biology of Dinoca^npus {Perilitus) rutilus Ness, a 
Braconid Parasite of Sitonu lineata Linn. 

Marie Y, Lebour, D.Sc,, F.Z.S. 

The Larval Stages of the Plymouth Brachyura. 


The following Papers have been received : — 

A Further Series of Reports on the Zoological Results of the 
Cambridge Expedition to the Suez Canal, 1924, by Prof. 
Arturo Palohbi, Dr. A. Sohellenbrbq, and F. A» Porre, 
M.A. 

Robert Gubnby. D.Se., F.Z,B. 

Some Copepoda from Tanganyika collected 1^ S* |t« B. 
Pask. 
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The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
cost of paper and printing. Papers should be condensed and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Secrptary^ ZooL Soc. 

Zoological Society of London, 

Regent’s Paek, London, N.W, 8. 

March \ith^ 1928. 
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ABSTRACT OF THE PROCEEDINGS 


OF THB 


ZOOLOGICAL SOCIETY OF LONDON.' 

March 20th» 1928. 


Major S. S. Flower, O.B.B., Vice-President, 
in the Chair. 


The Secretary read a Report on the Additions to the Society’s 
Menagerie during the month of February, 1928. 

The Secretary exhibited, and made remarks upon, a series of 
photographs of the Detroit Zoological Gardens. 

Mr, G. 0. Robson, M.A., F.Z.S., communicated his paper on 
‘‘The Giant Octopus of New Zealand.” 

Dr. H. Harold Scott, F.R.C,P., P.Z.S., communicated his 
paper on “ Tuberculosis in Marsupials.” 

In the absence of the Authors the following papers were taken 
as read: — H. C. Jambs, B.Sc., Ph.D., On the Post-Emb^onic 
Development of the Female Genitalia and other Structures in the 
Chalcidoid Insect HarmolUa graminicola Gin”; Dorothy J. 
Jackson, The Biology of Dmocampua {PerUUvM) rutHm Ness, a 
Braoonid Parasite of SUona linMta Linn.” ; Marie V. Lebour, 
D.Sc«, F,Z*S., “ The Larval Stages of the Plymouth BraohyuTa.” 


e This Abatraot is published by the Society at its offices, SSodogical Oardeus, 
Begent*s Park, K.W., on the Tuesday following the date of Me&ng to which 
it refers* It will be issued, along with the * Proceedings,’ free of eatra eham, 
to all Fellows who subscribe to the Publicationi; but it may be obtained on me 
day of puMication at the price of Sispmee^ or, if deeitea, eent pcet^hree for 
the earn of SkUlinft per annum, payable in advanoe, 
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The next Meeting of the Society for Scientific Business will be 
held on Tuesday, April 3rd, 1928, at 6.30 p.m., when the following 
Communications will be made : — 

Miss E. M. Brown (Aquarium Research Fellow), 

Exhibition of a Fluke {Microcoiyh ahedinis) from the Gills 
of the Sea-Bream Pagellu^ centrodmtm, 

C. R, S, Pitman, 

(1) Notes on a young Pangolin captured in January 1928. 

(2) Nkosi Island and its Sitatunga. 

n . Gurney, D,Sc., F.Z.S . 

Some Oopepoda from Tanganyika collected by Mr. S, R, B, 
Pask. 

Cambridge Suez Canal Expedition Bbpobto , 

(1) Prof. Arturo Palombi . 

Report of Turbellaria. 

(2) Dr. A^ SCHBLDENBERG . 

Report on the Amphipoda. 

(3) F. A, Potts, M.A. 

Report on the Sedentary Polychsets. 


The following Papers have been received 
J. H. LiiOtP, M.Sc,, F.Z.S. 

Abnormalities of Hama tempcraria, chiefly relating to the 
Vascular System* 

J. G. Mybbs, D.8c. 


Morphology of the Cicadidae (Homoptera)* 
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The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
cost of paper and printing. Papers should be condensed and 
be limited so far as possible to the description of new results. 


Communications intended for the IScientihc Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Secretary^ Zool. Soc, 

ZooLOQioAL Society of London, 

Regent’s Park, London, N.W. 8. 

March 27ih, 1928. 
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April 3rd, 1938. 


Prof. E. W* MacBbide, F.R.S., Vice-President, 
in the Chair. 


Miss E. M. Brown (Aquarium Research Fellow) exhibited, and 
made remarks upon, a Fluke {Microcotyle sp.) from the Gills 
of the Sea- Bream, Pagellus centrodontus. 

Major S. S. Flower, O.B.E., F.Z.S., exhibited specimens of 
the great African Land-Tortoise (Testudo sulcata) to show ; — 
(1) rate of growth and (2) tooth-like processes of the horny jaw. 

Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, specimens of Trapdoor-Spiders' nests from Queensland, and 
a female Huntsman-Spider {Heterapoda venatorim) with her egg- 
cocoon. 

Mr. D. Seth-Smith, F.Z.S., exhibited, and maderemai^ks upon, 
(1) a lead pipe gnawed by mice, and (2) photographs of the 
Society’s New Birf House. 

Mr. E. G. Boulsnqeb, F«Z.S., exiiibited, and made remarks 
upon, living specimens of the toad, Pipa amerioana. 


* This Abstract is puhlithed by tbeSooiet^ at its oflSees, Zoological Gardens, 
Begent*! Park, N.W.. on the Tuesday following the date of Meeting to which 
it refera It will be issued, along with the * Proceedings,* free of extra charge, 
to all Felliiws who aubscribe to the Publications ; but it may be obtained on &e 
day of publioation at the price of Sispence^ or, If desired, sent post-free for 
the sum of Six Shillmgn per annum, payable in advanee. 




30 


Mr. D. Seth-Smith, F.Z.S., communicated Mr, 0. II. Pitman^s 
(1) ‘‘Notes on a young Pangolin captured in January 1928’' 
and (2) “Nkosi Island and its Sitatunga.** 

Mr. 0. F. M. SwYNNERTON, C.M.Z.S., exhibited, and made 
remarks upon, photographs showing forest undergrowth cleared 
by the browsing of Sitatunga. 

In the absence of the Authors, the following papers were taken 
as read : — JR. Gurney, D.Sc., F.Z.S., “ Some Oopepoda from 
Tanganyika collected by Mr. S. R. B. Pask ** ; Cambridge Suez 
Canal Expedition Reports. (1) Prof. Arturo Palombi, “Report 
on the Turbellaria.” (2) Dr. A. Schellenbero, “ Repoiii on the 
Amphipoda.” F. A. Potts, M.A., “Report on the Sedentary 
Polycheets.*’ 


Tlie next Meeting of the Society for Scientific Business will 
be held on Tuesday, April 17th, 1928, at 5.30 P.M., when the 
following Communications will be made : — 

J. H. Lloyi), M.Sc., F.Z.S. 

Abnormalities of Hana Umiyoraria^ chiefly relating to the 
Vascular System. 

J. G. Myers, D.Sc. 

Morphology of the dead idee (Homoptera). 

Harold G. Jackson, D.Sc., F.Z.S. 

The Morphology of the Isopod Head. — Part II. The Terres- 
trial Isopods. 


The following Papers have been received : — 

J. H. Lloyd, M.Sc., F.Z.S., and Edith M. Sheppard, M.Sc , 
F.Z.8. 

A Further Contribution to the Anatomy of a Hammerhead 
Shark {Hygosna maOm$ Shaw). 
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Hugh B. Cott, B.A., F.Z.S. 

Report on the Zoological Society’s Expedition to the Zambesi, 
1927. 

Cyril Cbossland, M.A., F.Z.S . 

Notes on the Ecology of the Beef-builders of Tahiti. 

0. W. Richards, M.A. 

The Species of Notogonia (Hymenoptera, Larridae) occurring 
in the Mediterranean Basin, 


The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
cost of paper and printing. Papei-s should bo condensed and 
be limited so far .os possible to the description of new results. 


Communications intended for the Scienti6c Meetings should 
be n(l(irt‘sse<l to 

P. CHALMERS MITCHELL, 

Htcre.Umj, Zod, Soc. 
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Rsgf-sx’s Park, IjONdon, N.W. 8. 
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Prof. J. P. Hill, F.R.S., Vice-Presideni, 
in the Chair. 


The Sechetakv read 41 Report on the xVdditions to the {Society's 
Menagerie during tlie month of March, 1928. 

Mr. CiiARENCE ELLiorr oxhihiteti, and made remarks upon, 
(1) specimens of Giant Barnacles from Chile, and (2) a living 
specimen of a Giant U ortoi.se (7WWo vna' 02 ihyeH) fron) Albemarle 
Island (Galapagos Islamls). 

Lord Kotiiscuild, F.R.8., F.Z.8., exhibited, and made 

remarks upon, photographs and skulls of various species of 
Giant Tortoises. 

Dr. J. G. Myers communicated his paper on the “ Morphology 
of the CicadiduB (Homoptera).” 

Dr. Harold G. Jackson, F.Z.8., gjwe a risunie of his paper on 
“ The Morphology of the Isopod Head. — Pai t II, The Terrestrial 
Isopods*” 

* Thi9 Abstract is publisbsd by tbs Society at iu offices, Zoological Gardens, 
Regent's Park, IN.W., on the Tuesday folloyving the date of Meeting to abiob 
it refers. It will be issued, along with the * l^roceedings,* free of extra charge, 
to all Fellows who subscribe to the Pubiioatious ; but it may be obtained on the 
day of publication at the price of Siapenoe^ or, if desired, sent post-free for 
the sum of Six SMlHttgM per aimuui, payable in advanae. 
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In the absence of the Author, Mr. J. H. Lloyd’s paper 
on Abnornmiitios of Rana iemporariay chiefl;^ relating to the 
Vascular System/’ was taken as read. 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, May 1st, 1928, at 5.30 P.M., when the 
following Communications will be made : — 

Dr. G. M. Vevers, F.Z.S., and Mr. R. A. Smith, B.A., V.P.S.A. 

Exhibition of Flint Implements, Flakes, and Cores of 
Human Origin but r)f uncertain age collected at the Society’s 
Estate at Whipsnade. 

Hugh B. Cott, B.A., F.Z.S. 

Report on tl»e Zoological Soicety ’s Expedition to the Zambesi, 
1927. 

O. VV. Richakds, M.A . 

The Species of jVotogonia (Hymenoptei a, /.Grra/rf') occurring 
in the Mediterranean Basin. 

James Watehston, B.D., D.Sc., F.Z.B. 

'Phe Mallophaga of Sand -Grouse. 


The following Papers have been receivetl : — 

W. T. Calman, D.Sc., F.R.S., F.Z.S . 

On the Prawns of the Family Atyidie from Tanganyika. 

Alexakdeb Meek, D.Sc., F.Z.S. 

On Sagittaelegans and Sagitta^eioia from the Northumbrian 
Plankton. 

Cyril C&osslanp, M.A., F.2.S. 

Notes on the Ecology of the Beef^buihlori Tahiti, 
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